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(54) UGHT EMITTING DEVICE AND METHOD FOR MANUFACTURE THEREOF 



(57) A light emitting apparatus comprising a light 
emitting device (101) disposed on a supporting body 
(1 05), and coating layers {(1 08. 1 09) that bind a fluores- 
cent substance that absort)s light emitted by the light 
emitting device (lOI)and emits light of a different wave- 
length and secures the fluorescent substance onto the 
surface of the light emitting device (101). The coating 



layers (108, 109) are made of an inorganic material in- 
cluding an oxide and a hydroxide, each containing at 
least one element selected from the group consisting of 
Si. AI. Ga. Ti, Ge, P. B, Zr. Y. Sn. Pb and alkali earth 
metals. Also an adhesive layer (110) is made of the 
same inorganic material as that of the coating layers 
(108, 109). ^ ^ 
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Description 

Technical Reld 

5 [0001] The present Invention relates to a light emitting apparatus that can be used as light source for illumination, 
LED display, bade light for display, traffic light, light source for illuminating switch, various sensors and indicators and 
a method of manufacturing the same 

Background Art 

10 

[0002] Light emitting apparatuses (white light emitting apparatus) capable of emitting white light have been developed 
and put in practical use in recent years, that combine a light emitting device chip constituted using a gallium nitride- 
based compound semiconductor and a fluorescent substance. The light emitting apparatus emits blended light of white 
color by converting the wavelength of part of blue light, that Is emitted by the light emitting device, by means of a 
15 fluorescent substance and mixing this light having the converted wavelength and the blue light emitted by the light 
emitting device. 

[0003] In the prior art, it has been a common practice to manufacture a light emitting apparatus by molding a package 
or the like, wherein a light emitting device Is mounted, with a resin containing a fluorescent substance. It has also been 
common to fasten (die-bond) the bottom surface of the light emitting device onto the top surfoce of a supporting bor^ 

20 by means of an organic thermosetting resin. 

[0004] For example, Japan Unexamined Patent Publication (Kokai) No. 2001-144331 discloses a method of bonding 
a light emitting device and a lead frame with a silver paste consisting of epoxy resin containing silver dispersed therein. 
A white light emitting apparatus is constituted by filling a cup wherein the light emitting device is mounted with an epoxy 
resin containing a fluorescent substance dispersed therein. 

25 [0005] Japan Unexamined Patent Publication (Kokai) No. 2000-183408 discloses a white light emitting apparatus 
made by fastening a light emitting device onto a lead frame, then applying a pre-dipping thermosetting resin containing 
a blue light emitting fluorescent substance and a prenJipping thermosetting resin containing a yellow light emitting 
fluorescent substance successively, and curing the thermosetting resins. 

30 Disclosure of Invention 

[0006] However, the white light emitting apparatus of the prior art uses the resin containing a fluorescent substance, 
and the molding resin Is subjected to deterioration or discoloration when light of short wavelength is used or high optical 
power output that accompanies significant heat generation is employed. 
36 [0007] Also in the white light emitting apparatus of the prior art, the bottom surfoce of the light emitting device is 
bonded onto the top surface of the supporting body by means of an organic resin. Therefore, the bonding resin is 
subjected to deterioration that results in a decrease in the bonding strength when light of short wavelength is used or 
high optical power output that accompanies significant heat generation is employed. 

[0008] As a result, it has been difficult to make a light emitting apparatus having sufficient reliability by using a ilgl. 

40 emitting device that emits light including wavelength shorter than that of blue light 

The white light emitting apparatus of the prior art also has such a problem that thickness (quantity of the fluores- 
cent substance) of the molding resin serving as a coating layer is different from point to point across the surface of the 
light emitting apparatus, resulting unevenness in the light intensity from the light emitting device and in the light intensity 
from the fluorescent substance. 

46 [0009] Therefore, an object of the present invention is to provide a light emitting apparatus having a high reliability 
that uses a light emitting device that emits light including wavelength shorter than that of blue light and a fluorescent 
substance, and a method of manufacturing the same. 

Another object of the present invention is to provide a light emitting apparatus that minimizes the color deviation 
with the direction and minimizes the unevenness in color tone when viewed from the emitted light observing surface. 

50 [001 0] According to a first aspect of the present Invention, such a light emitting apparatus is provided that comprises: 

a light emitting device disposed on a supporting body; 

a fluorescent substance that absoribs at least a portion of light emitted by the light emitting device and emits light 
of a different wavelength; and 

55 a coating layer that contains the fluorescent substance and covers at least the surface of the light emitting device, 

wherein ttie coating layer is fomned from oxide containing at least one element selected from ttie group consisting 
of Si, Al, Ga, Ti, Ge, P, B, Zr, Y, Sn, Pb and alkali earth metals, and hydroxide containing at least one element selected 
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SZ.?® consisting of Si. Al. Ga. 71. Ge. P. B. 2r. Y. Sn. Pb and alkali earth metals 

[0011] According to the present invention, the coating layer is formed Irom inorganic material of which main 

Sn. Pb and alkali earth metals, while the coating layer binds the fluorescent subst^nrJ^ J.H ol I' ' ' ^' ^• 
' light emitting device. With this constitution, the coat^g layer is pr^vente^ilm ^^^^^^ h/ ^ 
When irradiated with light of relatively high energy densTb^heTghf l^Zg dS^^^ 

deterioration or discoloration unlike the case of using resin when lighJof ^hV^i^l powe?ou^^^^^^ *° 
significant heat generation or light of short wavelength such as ultLolet ray is er^toye" nf trtST^^^^ 
invention, ttierefore. it is made possible to provide a light emitting apparatus that under^^s ^^S^e^^^maJL^r^^^ 

[0012] The coating layer preferably contains an oxide as a major component and a hydroxide contalneH m th^ 
It IS also preferable that the hydroxide contains the same element contained in the oXTan^S e hvd^^^^^^ 
rerr^inder of an intermediate product of the dehydration condensation reaction of ^e o^dde ^^^L o/^^^^^^ 
contained in the coating layer results in the presence of a polar hydroxy! grouo in the aurt^^'J^^ of the hydroxide 
improving the bonding performance with the molding resin °' ""^''"^ 

KigX^r^s^orij^^^^^ 

me^liic compound contlining oxygen,'. T^e^i« 

ofthe aforementioned oxide, that remains without reactlna Astheooatinalav..r«,nrJn!Vi, "^a^enal for the synthesis 

s^errr:'""^-""'^---------^ 

TJlatlil^^l^jrm^^^^^^^^^ 

size of 3 to 10 ^m are surrounded by fine particles of the Inorganic S^a ha^S^Ta^Tp^^^^^^^^^ 

more preferably 1 to 20 nm. The fine particles of oxide contained in the coating^ayer makes if LXr?I v T 

themial stress in the coating layer, thus effectively preventing cracks and other d«fi^«^ '^"^''^ *^ 

[OOiq The coating layer is preferably formed with substantlallv the same thirim»«« ♦hi f'""®"!'^- 

and comers of the light emitting device. This provides sub^aSl^ur^S^ SSf^^s for^^HghTem^^^^^^ 

light emitting device, and therefore unifomi light emission characteristic As a resutt m^r! "3^.* f"'"®^ 

light emitting apparatus that undergoes extremely small color d^afion"v^h thTdiJ^^^^^^^ '° P'^^'^^ ^ 

I00iq The coating layer Is also preferably a continuous layer that covers the surface of the suonortinr, Koh ^ 
entire surface of the light emitUng device and has substantially the same thicknei In ^Te irtln« / ^"'^ 

mair cooipane.,,. m,™ e»sl voids t,eh»en pa-tictes ^^2,^^^^ ^e^bmiT'''"" " 
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is not influenced significantly by thermal stress. In case the light emitting device Is bonded with molten glass or a resin 
having a thennal expansion coefficient which is significantly different from that of the supporting body. In contrast, the 
adhesive layer is prone to peel off or crack due to thermal stress. The light emitting apparatus of the present Invention 
can maintain reliability even when used in such a situation as the temperature changes abruptly. 
[0020] The adhesive layer preferably extends continuously to the side faces of the light emitting device. This consti- 
tution prevents the light emitting device that is die-bonded onto the supporting body from being displaced from the 
position where it has been die-bonded. Also the adhesive layerformed to extend over the side faces of the light emitting 
device and the coating layer fonned later on the light emitting device make close contact with each other on the side 
faces of the fight emitting device. Since the layer contains a significant amount of the same material as that of the case 
wherein the adhesive layer and the coating layer formed from the same organometallic compound as the starting 
material are used, bonding performance is improved. As a result, the coating layer can be prevented from peeling off 
the light emitting device and light emitting apparatus of high reliability can be made. 

[00211 It Is preferable to make the light emitting device emit light with peak emission wavelength in a range from 350 

nm to 530 nm, and the fluorescent substance emit light with main emission wavelength that is longer than the peak 

emission wavelength of the light emitting device. In the fight emitting apparatus of the present Invention, a fluorescent 

substance that is excited by ultraviolet ray can also be used. Also because the coating layer and the adhesive layer 

do not deteriorate or discolor even if a light emitting device that emits blue light or light including wavelisngth shorter 

than that of blue light is used, the light emitting apparatus having higher reliability can be provided. 

[00221 When yttrium aluminum garnet fluorescent substance activated with cerium Is used for the fluorescent suh 

stance, such a light emitting apparatus can be constituted that emits blended light of white color. Consequently, a whi. 

fight ernltting apparatus having less unevenness in the color of the emitted light can be provided. 

[00231 In case the light emitting device emits In the ultraviolet region, the fluorescent substance contained In the 

coating layer preferably contains at least one selected from the group consisting oft 

(1) Caio(P04)6FCI: Sb, Mn 

(2) M5(P04)3CI: Eu ((M represents at least one element selected from among Sr, Ca, Ba, Mg) 

(3) BaMg2Ali6027: Eu 

(4) BaMgzAlieOay: E". Mn 

(5) 3.5MgO • O.SMgFj • GeOg: Mn 

(6) Y2O2S: Eu 

(7) MgeAszOi^: Mn 

(8) Sr4AI^4025: Eu 

(9) (Zn, Cd)S: Cu 

(10) SrAl204: Eu 

(11) Caio(P04)6CIBn Mn, Eu 

(12) Zn2Ge04: Mn 

(13) GdzOgS: Eu, and 

(14) LasOsS: Eu 

Use of these fluorescent substances enables it to make a light emitting apparatus having higher efficiency of light 

emission. ... • ^ • 

[00241 The supporting body is preferably insulated from lead electrodes of the light emitting device. While the electnc 
power required by the light emitting device to emit light Is supplied through wires, they are insulated from the lead 
electrodes and are therefore not affected by the current flowing in the lead e!ectrodes,.so that generation of noise Is 
prevented. Therefore, a light emitting apparatus having high reliability can be made. In case the supporting body is not 
insulated from lead electrodes, in contrast, namely a lead electrode senses as the supporting body on which the light 
emitting device Is fastened, for example, the wire that connects the other lead elecfrode and the light emitting device 
and the lead electrode that serves as the supporting body can easily be short-circuited, leading to a decrease in the 
yield of production. When the light emitting device Is fastened onto the supporting body that Is Insulated from the 
positive and negative lead electrodes, as in the case of the present invention, the yield of production can be Improved. 
[00251 According to a second aspect of the present invention, there Is provide a method of manufacturing a light 
emitting apparatus comprising a light emitting device disposed on a supporting body, a fluorescent substance that 
absorbs at least a portion of light emitted by the light emitting device and emits light of converted wavelength and a 
coating layer that contains the fluorescent substance and covers at least the surface of the light emitting device is 
provided, the method comprising: 

(1) a first step of preparing a coating solution that contains an organometallic compound containing at least one 
element selected from the group consisting of SI. Al, Ga, Ti, Ge, P, B, Zr, Y, Sn, Pb and alkali earth metals (preferably 
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containing oxygen, too), an organic solvent and a fluorescent substance- 

_ (3) a third step of diying the coating solution so as to fix the fluorescent substance. 

[0026] The^ianufacturingrnethodofthepresentinventionnriakesitposslbletomanufactureaH^ 

In the first step, the organic solvent preferably has a boiling point in a range from 100-C to 200''C <i..rh 

soUrtion .s prepared in the state of sol that hardly contains moisture which has advei^ efe,?onThe Jo^^^^ 
device, and is applied onto the surface of the light emitting device that is then heated ^ a! to fn™ ih! * ®'™«'"9 
(predominantly amorphous). With this process, the coating layer with the fluo"esSrttutetanc^^^^^ 'T' 
S/TS TTl -"^""^^-a ^ -'f-- conditfon Of the lighre "«ng devicr 
100281 In the first step, acid concentration in the coating solution is preferably in a range from 20 to son r>n«, c- 

intensity can be manufactured in predion li^'^Z ITln^i^^^^^ unevenness in light 

preferably in a range from 50»C to 300-C ' ^ ^""^'"9 '^^^^^ heated 

10030] Spraying the coating solution while heating the light emittino device accel*.™te«th»„^i *■ 

into particles of the hydrolysate in the coating layer The (iatina Son^St h«^K ^ ?• * °" ^"'^ coagulation 

in order to turn the organometa.lic compound c:;:SilS?oS^ 

Sofrth^^i^sx^^^^^^ 

and „ buto^de T^ese matenals a^e'le'ss -i Jy^o^l^^-^^:^^^^^^ ^^'^^^ 
10032] According to a third aspect of the invention, there is provided a light fitting appaTtSs comprising: 

a light emitting device made by forming gallium nitride-based compound semiconductor laver on a c..h«w 

a supporting body that supports the light emitting device via an adhesive liye^ substrate; and 

asam^rrer:rrnrh^^^^^^^^ 

riorate or discolor through exposure to light from the «ght e^rgTv^L a^d thVa^^^^^^ 

10033] The adhesive layer preferably contains particles of oxide and hydroxide When ih^ aHh^=i i 
up of numerous particles each measuring several nanometer across thi arrfon!!^ 1 ^ "'^''^ 

the main component, there exist voids be^A^een the parSSLs ^ a ^^^^^^^^^^ an inorganic material as 

aturo of the adhesive layer can be accommodated bTe;Srn^^^ 

a Whole IS not Influenced significantly by themial stress, in case the light emlg devi^tbond^ wfth moSin'T 

ora resin having a themial expansion coefficient significantly different From that o?the s^poX bti^t 

adhes^e layer is prone to peel off or crack due to them^al stress. The light emitting appaSoJth^T^^Tr^ent^S^^ 
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can maintain reliability even when used In such a situation as the temperature changes abruptly. The fine particles of 
oxide and hydroxide have particle size preferably in a range from 1 to 20 nm. 

[0034] The adhesive layer preferably extends continuously to the side faces of the light emitting device. This consti- 
tution prevents the light emitting device that Is die-bonded onto the supporting body lirom being displaced from the 
position where It has been die-bonded, so that the light emitting apparatus of high reliability can be made. 
[00351 In the light emitting apparatus of the present invention, a light emitting device that emits light with peak emis- 
sion wavelength in a range from 250 nm to 530 nm can be used. The adhesive layer Is not deteriorated or discolored 
by the exposure to the light even if a light emitting device that emits light Including wavelength shorter than that of blue 
light Is used, and Is not deteriorated or discolored by the exposure to the light of high output power and the accompa- 
nying temperature rise. As a result, the light emitting apparatus having higher reliability can be provided. 
[0036] The adhesive layer preferably contains a filler having heat conductivity which Is at least higher than that of 
the oxide or the hydroxide. When the adhesive layer contains such a filler, the light emitting apparatus can be made 
durable to a high temperature caused by light of high output power, with high heat dissipating effect. 
[0037] According to a fourth aspect of the invention, there is provided a method of manufacturing a light emitting 
apparatus comprising a light emitting device made by forming gallium nitride-based compound semiconductor layers 
on a substrate and a supporting body that supports the light emitting device on the bottom surface thereof via an 
adhesive layer, the method comprising: 

(1) a first step of preparing an adhesive solution, that contains organometaliic compound containing at least or 
element selected from the group consisting of Si, Al, Ga, Tl, Ge, P, B, Zr, Y, Sn, Pb and all^ali earth metals ai.. 
oxygen, and an organic solvent In the form of hydrolysate solution having viscosity of 2.5 to 500 cps at 25**C and 
acid concentration from 20 to 500 ppm; 

(2) a second step of supplying the adhesive solution onto the top surface of the supporting body and placing the 
light emitting device on the adhesive solution; and 

(3) a third step of drying the adhesive solution at a temperature in a range from SO^'G to 300**C, so as to bond the 
bottom surface of the light emitting device onto the top surface of the supporting body. 

[0038] According to the present invention, the light emitting apparatus having the light emitting device die-bonded 
on the supporting body by means of an inorganic material can be made easily. In the light emitting apparatus manu- 
factured according to the present invention, the adhesive layer is not deteriorated or discolored by the exposure to 
light and heat generated by irradiation with light of a wavelength shorter than blue light or having high output power. 
As a result, the light emitting apparatus having higher reliability can be manufactured than in the case of the conventional 
light emitting apparatus wherein a resin containing an organic resin is used for die bonding. Also because the acid 
concentration Is controlled in a range from 20 to 500 ppm, applying the adhesive solution to the surface of the metal 
package does not lead to con-osion of the surface by acid or alkali, fk/loreover, since the adhesive solution turns to 
amorphous at a temperature in a range from 50°C to 300^0, the light emitting device Is less likely to be displaced fix)m 
the position where it has been placed. 

[0039] Heating the adhesWe solution so as to solidify accelerates the gelation and coagulation into particles of the 
hydrolysate in the adhesive layer. The adhesive solution that has been applied must be dried quickly, in order to tun. 
the organometaliic compound contained In the adhesive solution into fine particles of oxide. By heating the adhesive 
solution, it is made possible to quickly dry the coating solution and easily fomi the fine particles of oxide In the adhesive 
layer. In order to fomi fine particles of desired size in the adhesive layer, it is preferable to heat the adhesive solution 
to at least 150**C or higher, more preferably to 200*^0 or higher. 

[0040] In the second step, it is preferable to place a proper amount of the hydrolysate solution in the state of sol by 
stamping or dispensing to a predetermined position on the top surface of the supporting body, and then die-bond the 
light emitting device while applying a pressure ttiereto from above. This causes ttie adhesive solution to extend also 
to tfie side faces of the light emitting device, and therefore the light emitting apparatus of high reliability can be made 
where ttie light emitting device is not displaced from the position where it has been die-bonded. 
[0041] The adhesive layer formed in the third step is preferably made up of numerous particles each measuring 
several nanometers across that are formed from an inorganic material as the main component, wherein voids exist 
between fhe particles. With this constitution, since abrupt changes in temperature of the adhesive layer can be accom- 
modated by expansion or contraction of the particles, effect of ttie thermal sti-ess can be mitigated. Therefore, unlike 
ttie case where the light emitting device is bonded witti molten glass or a resin having a thermal expansion coefficient 
significantiy different from that of the supporting body, the adhesive layer is less likely to undergo peel off or crack due 
to thermal stress. 

[0042] In ttie first step, the organic solvent has a boiling point preferably in a range from 100°C to 200*C. Since an 
organic solvent having such a high boiling point exists in liquid phase at the nonnal temperature, precipitation of SiOa 
or ttie like can be suppressed as the adhesive solution dries. As a result, such a trouble can be prevented as a solidified 
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minhnZS ' "°^,K ^"^ °' ^ ^^P^""^' °' *° ^'^S* °' application needle of a stamping apparatus th«f 

might lead to vanations in the quantity of the adhesive solution supplied. apparatus that 

[0043] In *he first step, the organometallic compound is preferably at least one selecfPri from =rT.^„„^ ♦ . .. 

metal diketonate and metal cart,onate. Then the'adheslve layer us2. for drbonX^^^^^^^ 

matenal that is not deteriorated by exposure to ultraviolet ray. '"organic 

T.VL ""^^^T* *Ilf Preferably contains a filler having higher heat conductivity than that of 

the oxide that constitutes the adhesive solution. When the adhesive solution contains the filler the I iaW Jmrnil 
pa^^s can be made durable to a high temperature caused by light of high outpC.;:^r. 'vS' i^hTatTS^n'^ 

10045] According to a fifth aspect of the present invention, there is provided a method of manufacturina a lioht emitting 

(1) a step of placing the light emitting device on the supporting body and 

(2) a step of spraying the coating solution, that contains the fluorescent substance in the state of mist while rntaf 

m spiral, from above the light emitting device that is disposed on the supporting body ^d is heS ^ 

[004q This manufacturing method may be applied not only to the coating material consisting of the Inoraanic material 
as jn the present invention but also to a coating material made of an organic resin of me p^or art P^ia^^^^^ 
mettiod can be applied to the formation of a coating layer constituted from a fluorocarbon re^n iTFE^ orT!?' 
resin containing a fluorescent substance. '""f^ocaroon resin (PTFE) or a silicone 

[0047] Color unevenness over the light emitting surface and variations among liaht emittino anna«t,.«o^ 
posed to be caused by non-unifom,ity in the planar distribution of the fluoiTcent sSbsir^c^^E^n the^^^^^ 
layer generated when fonning the coating layer. The coating layer can be formed on a cud^v dSS^ro^ ^ 
containing the fluorescent substance from a tube such as noL Shaving a naZed ti^However i Ts veTdi^^^^^^^ 
apply the fluorescent substance contained in the binder for the coating layer onto the liohnrnMnn dJ^Z ? ^ 
and quickly, ^so the resultant shape of the coating layer thus formed varies depend fn the Ssl^^^^^ 

contamed.nthecoatinglayerandonthesurfacetenslongeneratedbetweenthe«>atinqlave^^^^^ 
As a result, thickness of the coating layer (hence the quantity of the fluorescentTubstanc«rvTn^^^^^ 

emitted by the light emitting device or dominance of the light intensity emitted by the fluorescent suTLt^nrl 11 ^ 
also be variations from one Oght emitting apparatus to another. AccS^ding to the n^nufaSa m^^^^^^^ 
invention where the coating solutionissprayed in thefomi of mist, the fluoreLentS^^^^^ 

[oiT ';^e S^aS ""P"^^'"^ toneTs^anrr?^^^^^^ 

[0048] The coating soluton can be sprayed in the form of mist bv means nf for ovor^^i^ uireciiviiy. 

ligN ,m,«„g device o, ,he nozzle so as to expoee e« ««<^T«^^ ^'TT^^ '° T 
T ""'"^"S to »>e side face,. A. a B !». been dStoTTaS-t^ngt^Sn to Iht'lS 

ttiereton ie directed at a p^deterrtned angle to the surface to U coated. S 5,72fte1jS,^i t^. T"^ 
lOOSO) Accordma to «» TOnufactuiina method of the present hventlon, the aathg layer contaWng ma lloo,«cent 
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substance can be formed with uniform thickness. As a result, color unevenness with the direction and variation in the 
color tone over the light emitting surface can be minimized and a light emitting apparatus having Improved efficiency 
of wavelength conversion can be manufactured. 

[0051] The diameter of the spiraling stream preferably increases from the start point above the light emitting device 
toward the surface of the light emitting device. This improves the workability and minimizes the color unevenness with 
the direction and variation in the color tone over the light emitting surface, so that a light emitting apparatus having 
improved efficiency of wavelength conversion can be manufactured. 

[00521 Rotating speed of the spiraling stream of the coating solution preferably decreases from the start point above 
the light emitting device toward the surface of the light emitting device. This prevents the surface of the light emitting 
device from being impacted with shock by the fluorescent substance particles contained In the coating solution, and 
minimizes the color unevenness with the direction and variation in the color tone over the light emitting suriiace, so that 
a light emitting apparatus having Improved efficiency of wavelength conversion can be manufactured. 
[0053] With the method of manufacturing the light emitting apparatus according to the present invention, since the 
fluorescent substance is deposited on the package whereon a plurality of light emitting devices are an-anged. It is made 
possible to simultaneously manufacture a large number of light emitting apparatuses satisfactorily. Even when the 
quantity of the fluorescent substance deposited on the light emitting device is very small,, quantity of the fluorescent 
substance (namely thickness of the coating layer) can be controlled to be unifomi. As a result, light emitting apparatuses 
having less variability can be manufactured. 

Brief Description of the Drawings 

[0054] The above and other objectives and features of the present invention will become more apparent from de- 
scription of a prefen-ed embodiment thereof with reference to the accompanying drawings, throughout which like parts 
are designated by like reference numerals, and wherein: 

Fig. 1 is a schematic top view of a light emitting apparatus according to one embodiment of the present invention- 
Fig. 2 is a schematic sectional view of the light emitting apparatus shown in Fig. 1. 

Fig. 3 is a schematic sectional view of a light emitting apparatus according to another embodiment of the present 
invention. 

Fig. 4 is a diagram schematically showing a process of spraying a coating solution In the form of spiral mist stream 
to the light emitting device. 

Fig. 5 Is a schematic diagram showing the constitution of an apparatus for spraying the coating solution. 
Figs. 6A to 6D are sectional views showing a process of manufacturing the light emitting device having a semi- 
conductor layer formed on a support substrate (metal substrate). 

Rg. 7 is a sectional view showing an example of the stnjcture of the light emitting device having a semiconductor 
layer formed on a support substrate (metal substrate). 

Rg. 8 is a sectional view showing another example of the structure of the light emitting device having a semicon- 
ductor layer formed on a support substrate (metal substrate). 

Rg. 9 Is a sectional view showing further another example of the structure of the light emitting device having . 
semiconductor layer formed on a support substrate (metal substrate). 

Best Mode for Carrying Out the Invention 

[0055] Now pref en-ed embodiments of the present invention will be described below with reference to attached draw- 
ings. 

Embodiment 1 

[0056] Rg. 1 and Fig. 2 are top view and sectional view, respectively, showing an example of a light emitting apparatus 
manufactured according to the method of the present invention. 

In Rg. 1 and Fig. 2. an LED 101 that is a light emitting device is mounted in a metalHc package 105. The package 
105 has a recess "a" located at the center thereof. A base portion "b" that sunxjunds the recess "a" has two through 
holes penetrating in the direction of thickness, the through holes opposing each ottier across the recess "a". Positive 
and negative lead electrodes 102 are inserted through the respective through holes via hard glass lOSttiat serves as 
an insulating member. The metal package 105 has a light transmitting window 107 and a lid 106 comprising a metal 
part provided on the prindpal surface ttiereof, so that the light emitting delce and ottier component are hemnetically 
sealed together with nitrogen gas in the package, by welding the metallic part of the lid 106 and the contact surface of 
the metal package 105. The LED chip 101 housed in ttie recess "a" is the light emitting device ttiat emits blue light or 
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TJt°!^^!^l ''H'V^^ ^"'^ ^""^ P^'*^^^ ^^^^ other via an adhesive laver 110 

that IS made by drying and firing a hydrolysate solution of ethyl silicate anesive layer 1 1 0 

[0057] A coating layer 109 made by binding CCA-Blue (chemical formula Caio(P04)6CIBr activated with Mn =. ^ 

the lead electrode 102 as shown In Rg. 2. and a coating layer 108 is fomied thereon that is made by bSng Zum 
aluminum gamet-based fluorescent substance with SiOa- o'naing ynnum 

[0058] Now component members according to the present invention will be described in detail below with reference 
to the accompanying drawings. reTerence 



[Coating layers 108. 109] 



[0059] The coating layers 108, 109 used in this embodiment are constituted mainly from oxides (SiO, Al O ^ Th« 
coating layers are provided, separately from the molding member, in the cup of the mount leafand n^ln^^^^^^^^^^^ 

s:t^^rthVror~s:^^^^^^^ 

=g,a°yers%rrrhi^^ 

:i!^:.TT''' ''V' ^"^'^ *° '''' ^'^^ ^'o^e^iXsi^^^^^^ 

r^^^^Z r K?"" r^'^**"^ °' ^' ^' ^' ^' ^"'^ «^rth metals has high ligM fas3 

r^l!?,^-^ ^ ^'"'^'"3 apparatus can be improved by using such material as the binder. "a^fastness. 
[0061] Tlie coating layers 108. 109 have substantially constant thickness over the top surface side faces «nH on 
comers Of the light emitting device 101 as shown in Fig. 2. This provides substantially unr^ opSl S 
light emitted by the light emitting device, and therefore unifom, light emission characteristic 7s a^Surit fe^^^^^ 
possibletoprovidealightemittingapparatus that undergoes extremely small colordeviatonv^^ 
in me efficiency of light emission even when used for a long period of time with high briZrss T^TeTe >^rato S 

raTsTT""' T "S^ir'**'"^ '"^""^ ^"^^ emitting aJlatusTo^JotLer 

[0062] The coating layers 108. 109 join with the adhesive layer 110. that is made of a siinHar inornan!™? • , 

graduai^withthedistancef^mthelight emitting device 101.^^^ 

effldenll; ' °' ^»'™'-P»'-«. "'"^ enabling It to extract lightt^thLTtsiSe 

♦ T° f l!"^*]"^ '^^^"^ """'^s^e^t substance particles are surrounded by particles of a material 

cons ihited mainly from SiO^ or AI2O3. Specifically, the fluorescent substance particles having a rSea7pa^de s1?e r 
fin! nl*^ ^^^;^^oun6e6 by fine particles of the inorganic material having a mean partlde stee of 1 to 20 n.^ ?he 
fine particles of oxide contained in the coating layer make it easier to relieve the coating laver of the tht^n.? 
ttius effectively preventing cracks and other defects from occurring in the coatingTayer /^^o be^^^^^^ 
tiie coating layers 108. 109 is diffused by the fine particles of tt,e' inorganic maCi S,a su^oS^^^^^^ 
substence. wavelength conversion by ttie fluorescent substance can be done efficientiy fluorescent 
ZfS As the material to make the coating layer, a light transmitting inorganic material such as SiO, Al,0, or MSiO 

(preferably containing oxygen as well,. The'organom^allic a>mpounJ ;:?ntorns i.^^^^^^^ 
oranarylgroup.Forsuch an organometalHc compound. forexample.metalalkoxidemSaldik^^^^^^^^ 
aTZ'"r,r*^' carbonate may be used. Among these, use of L organometeriCS^^^^^^^^ 
at the nonnal temperature and adding an organic solvent thereto makes it easy to control the viscoStv for 
ability and prevent solidification of the organometallic compound, thereby impLlngle ^aL of^S^^^ 

orgariometallic compound easily undergoes ttiechemical reaction such as hydrolysis coatinorav^^^^^ 
Jibjance ^und theran by means Of oxide containing at ie^ 

Al. Ga. -n.. Ge. P, B. Zr, Y, Sn. Pb and alkali earth metals can easily be formed. Therefore ttie mXT. S 
orgar^ometallic compound is capable of forming the coating layer without decreasing^rS.?iing p^^^^^^^ 
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the LED and improve the yield of production, unlike the conventional methods wherein the coating layer is fomied on 
the LED at a high temperature of 350*0 or higher or under charge of static electricity. 

[OOeq Now the material that constitutes the coating layer will be described below, taking example in SIO2 and AI2O3. 
(Coating layer 108 wherein fluorescent substance is bound with SiOa) 

[0067] The coating layer wherein fluorescent substance Is bound with SIO2 may be fomied in such a process as 
follows. A fluorescent substance (powder) is dispersed uniformly In silica sol that is made by mixing alkyi silicate and 
an organic solvent having high boiling point In a predetennlned ratio so as to prepare the coating solution. After applying 
the silica sol containing the fluorescent substance dispersed therein so as to cover the entire surface of the light emitting 
device by spraying or dispensing, the fluorescent substance particles are bound by rneans of SiOa and bonded onto 
the surface of the light emitting device. : ^ 

[0068] The alkyI silicate used as a reinforcer of concrete, a pigment of plastics or a surface coating agent Is prepared 
by hydrolyzing a monomer represented by the following general formula and polycondensing the hydrolysate. In the 
general fonnula, R Is an aikyi group. When R is a methyl group, methyl silicate is obtained, and when R is an ethyl 
group, ethyl silicate is obtained. Also when R is an n-propyl group, N-propyl silicate is obtained, and when R is an n- 
butyl group, IM-butyl silicate is obfained. 



OR 
I 

RO — Si — OR 
1 

OR 



[0069] Ethyl silicate as a kind of the alkyI silicate has a structure shown in the following fomnula and is a clear and 
colorless liquid synthesized by the reaction between silicon tetrachloride and ethanol or the reaction between metallic 
silicon and ethanol. A monomer represented by the above general fonnula wherein R is an ethyl group is hydrolyzed 
to form a molecule having a hydroxyl group.(OH group) (for example, sllanol monomer as an Intermediate) and plural 
molecules having a hydroxyl group (OH group) are condensed with each other by elimination of a water molecule (H2O) 
to form a siloxane bond wherein Si atoms are bonded via O (oxygen atom), and thus a structure shown in the following 
fbmiula is obtained. 



/ OCaHs" ^ 

CzHsO — +- Si — O H — CtHs 
\ OCzHs J n 



[p07iq When a solution of ethyl silicate is reacted with water in the presence of a catalyst, the hydrolysis reaction 
occurs as shown in the following reaction scheme, and thus the solution turns into a sol (solation) containing line 
particles of SiOj dissolved therein and the resulting sol dries spontaneously to turn into a gel (gelation) as a result of 
an increase in concentration of the solution. Although the viscosity increases as the reaction proceeds, proceeding of 
the reaction is controlled in consideration of the thickness of the coating layer to be formed, and woricability. 
10071] The hydrolysis reaction proceeds very slowly under neutral conditions, but proceeds faster while accompa- 
nying heat generation in the presence of an add or a base as the catalyst. When using a basic catalyst, the resulting 
hydrolysate solution is unstable and is likely to cause excess gelation, thereby to lower the woricability. Therefore, in 
this embodiment, the hydrolysis reaction is effected over a long time using a small quantity of an acidic catalyst such 
as hydrochloric add. 
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Catalyst 

Si„0(„.,)(OC2Hs){2n*2) + (n+1)H20 *■ „Si02 + (2n+2)C2H50H 



n=1. 2 n 



IS 



) 20 



25 



[0072] The tiydrolysis reaction of ethyl silicate proceeds faster as the temneratur^ ic hi^h... ^ 
faster when the product ethanol is removed. When a gel oroducL thmlh Z h^w ^ ^ ' ^""^ P«>«»eds even 
heated. SIO, of mainly amorphous state is gene^Jed'^^foTwi^^^^^^^^^ f "-^e is 

-e"i^si'^;^:sre"rS^^^^^ 

^^:^e-^rc:nrs=-^^^^^^ 
rsL=:Se^=ic-/^^^^^^^ 

em^ng device without causing deterioration of the optical chal^cSStSof'the 5 1^^^^^^ 

"«> constituting the light emming apparatus or optionallv used moldino momhor ! *k ! "^'^ ^"^ Package 

and deterioration due to ultrnviotet ray h^dCc^ulI^. ^'"^ ^^"^ °^ P">ductlon fe improved 

(Coating layer 109 wherein the fluorescent substance is bound with AI2O3) 

™»<'"» "« al' to torn, aluminum hydroxide, which ,ums J aluminum oidVbTSrtlh^t Z'S 
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Al (O .'CH,) 3 -^Al (OH) . „-:3,A1.03 

10078] Accordingly, the coating solution, that is prepared by binding the fluorescent substance with AI2O3 that Is 
generated by having aluminum Isopropoxide react with water contained in the air, Is applied to the surface of the light 
emitting device and the supporting body other than the surface of the light emitting device, thereby to form the coating 
layer 

[0079] The coating layer wherein fluorescent substance is bound with SiOz and the coating layer wherein fluorescent 
substance is bound with AI2O3 may be provided either by fbmiing only the coating layer wherein fluorescent substance 
Is bound with SiOj or only the coating layer wherein fluorescent substance is bound with AI2O3 on the same light 
emitting device, or by fbnning two or more layers on the same light emitting device by combining the coating layer 
wherein fluorescent substance is bound with SiOj and the coaHng layer wherein fluorescent substance is bound v«th 
AI2O3. Since the method of forming the coating layer by spraying according to the present invention allows it to control 
the thickness of two layers, coating layers of the same configuration can easily be formed. For example, a coating 
layer using AI2O3 is formed on the light emitting device, and another coating layer using SiOg is formed thereon. The 
fluorescent substance may be contained etther in both layers, in one layer only, or may not be contained in both layer- 
Such a constitution has an effect of improving the efficiency of extracting light, since refractive Index of the coatli . 
layer wherein fluorescent substance is bound with SiOj Is smaller than that of the coating layer wherein fluorescent 
substance Is bound with AI2O3, while refractive index of the coating layer wherein fluorescent substance Is bound with 
AI2O3 is smaller than that of gallium nitride-based compound semiconductor layer. In case the coating layer is fomned 
in a single layer, an abrupt change in the refractive index In the interface between the coating layer and the atmosphere 
or the nitride semiconductor light emitting device may result in reflection of part of light extracted from the light emitting 
device at the Interface, thus leading to a decrease in the efficiency of extracting light. 

[0080] Since the coating layer wherein the fluorescent substance is bound with SiOa and the coating layer wherein 
fluorescent substance is bound with AI2O3 that are formed as described above are made of inorganic materials unlike 
the resin used in the prior art, they are far less likely to deteriorate when exposed to ultraviolet ray, and therefore may 
be used in combination With a light emitting apparatus that emits ultraviolet ray (ultraviolet ray emitter). Also because 
the coating layer with the fluorescent substance bound therein having the wavelength converting function can be fomied 
on the entire surfaces of the light emitting device, namely on the top surface, side faces and on comers with the same 
thickness the fluorescent substance Is distributed uniformly over the entire surfaces of the light emitting device. Thus 
ft Is made possible to convert the wavelength of light emitted from the enflre surfaces of the nitride semiconductor light 
emitting device, namely from the top surface, side faces and comere thereof and extract the converted light to the 
outside with very high efflciency. » * 41. ^ • 

100811 With the prior art constitution where the fluorescent substance Is dispersed in a resin, in contrast, the device 
cannot endure a long period of use due to deterioration of most resin when exposed to blue light or ultraviolet ray, and 
K has been difficult to make a whtte Bght emitting apparatus that is practically useful by using a light emitting device 
that emits light in ultraviolet region. Also because it has been impossible in the prior art to form the coating layer virfierein 
the fluorescent substance is bound with SiOj that contains a fluorescent substance having wavelength converting 
function on the entire surfaces of the light emitting device, namely on the top surface, side faces and on comers with 
the same thickness, the fluorescent substance cannot be distributed uniformly over the entire surfaces of the light 
emitting device. Therefore It has been dlfflcuft to convert the wavelength of light emitted from the entire surfaces of the 
nitride semiconductor light emitting device and extract the converted light to the outside with very high efllaency. 

[Fluorescent substance] 

[0082] The fluorescent substance used in the present invention is for the purpose of converting visible light or ultra- 
violet ray emitted by the light emitting device to light of other wavelengtti. 

[0083] Any fluorescent substance that can be excited by the light emitted by the semiconductor light emitting layer 
of the LED chip 101 and emit light can be used in flie present invention. In this embodiment, such a fluorescent sub- 
stance may also be used that is excited by ultraviolet ray and emit light of a predetermined color, such as: 

(1) Caio(P04)6FCI: Sb, Mn 

(2) M5(P04)3CI: Eu (M represents at least one element selected from among Sr. Ca. Ba, Mg) 

(3) BaMg2Ali6027: Eu 

(4) BaMg2Ali6027: Eu. Mn 
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(5) 3.5MgO • O.SMgFj • GeOa: Mn 

(6) Y2O2S: Eu 

(7) MgeAszOi,: Mn 

(8) Sr4Ali402s: Eu 

(9) (2n, Cd)S: Cu 

(10) SrAl204: Eu 

(11) Caio(P04)6CIBr: Mn, Eu 

(12) Zn2Ge04: Mn 

(13) GdgOzS: Eu. and 

(14) LazOjS: Eu 



lOOMJ These fluorescent substances may be used either individually or in combination by mixing two or more thereof 

n !Z!nr T "^'^T^ °' " ^^'^ substances may also be urd^et^^arrdrd^^a.^; 

.n comb.naton by m.x.ng two or more thereof. In the coating layer consisting of two or more layers stactd on^on 

[OOSq In case light er^ltted by the LED chip 101 and light emitted by the fluorescent substance are in the relation «f 
complementary colors of each other, white light can be generated by blending the light fr^m borsoLrc^s L^S^^^ 
nght emrtted by the LED chip 101 and light emitted by the fluorescent substances that a^^xS by t^? LED 

s^^:^^^i2S^sTy:zzi' -'^^ ".--erfl:o^^^r sT 

^pro^r^^ru™^^^^^^^ 

Io4T„t" ?! fluorescent substance, precipitation time of the fluo 37:^'^"^ shS^^^^ 

fluorescent substance and wavelength of light emitted by the LED chip, thereby to provide wS oM of Sfr!^ I 
such as that of incandescent lamp. It is preferable that light emitted by the LED Z 101 and laht emlSn k *^k^ 
fluorescent substance can transmit through a molding member efficiently ^ "^'^ 

[0087] Specifically for the fluorescent substance, cadmium zinc sulfide activated with ,>o„,«., • 

£TLhJ^oi''^'-*?^^'^'^':y°^^«°"-*^* fluorescent substance has garnet structure, and is therefore resistant to 
heat, .ght and moisture, and is capable of absorbing light with excitation spectrum having a nerk around !?^^^ n^^ « 

r?08?° Tot fir t'™'^ ^^^'"9 ^ P^^"^ 530'^'" tailing to 72? Sm ° " 

[0089] In the light emitting apparatus of the present Invention, two or more kinds of fluorescrnt substance h 

used in combination. For example, two or more kinds of (Re, Sm ),rAl. Ga 1 O 

InoAIGa YLa ftH or <5m m hmt-., ♦ \7 " *^-x*'"x^3t'^i-y«ay)50i2 Ce fluorescent substance contain- 
[0090] Such a fluorescent substance can be dispersed uniformly In gas phase or liquid ohase The fi..nr^<=no„* k 
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fluorescent substance and the nitride fluorescent substance nnay be either niixed and contained in the coating layer, 
or separately contained in different layers of composite coating layer. The fluorescent substances will be described In 
more detail below. 

(Yttrium aluminum gamet-based fluorescent substance) 

[0093] The yttrium aluminum gamet-based fluorescent substance used in this embodiment is a fluorescent substance 
containing Y and Al, at least one element selected from among Lu, Sc, La. Gd. Tb. Eu and Sm, at least one element 
selected from among Ga and In. and is activated with at least one element selected from among rare earth elements, 
so as to be excited by visible light or ultraviolet ray emitted by the LED chip 101 and emit light of other wavelength. 
Particulariy in this embodiment, two or more kinds of yttrium aluminum oxide-based fluorescent substance that are 
activated with Ce or Pr and have different compositions are also used. White light of desired color tone can be produced 
by mixing blue light emitted by the light emitting device that uses nitride compound semiconductor in the light emitting 
layer thereof, with green light and red light emitted by the fluorescent substance having yellow body color so as to 
absoritj blue light, or with greenish yellow color and reddish yellow color. In order to achieve such a color blending, the 
fluorescent substance In powder or bulk is mixed in a resin such as epoxy resin. acryUc resin or silicone resin, or in a 
light transmitting inorganic material such as silicon oxide or aluminum oxide. Such a material containing a fluorescent 
substance can be fomied In various shapes such as dots or layer that is thin enough to allow transmission of light 
emitted by the LED chip, according to the application. Light of desired color tone can be generated through the selectic- 
of such factors as the proportion of fluorescent substance and the light transmitting inorganic material, conditions ar 
quantity of inclusion of the fluorescent substance and wavelength of light emitted by the light emitting device, thereby, 
to provide white light of desired tone such as that of Incandescent lamp. 

[0094] The light emitting apparatus capable of emitting light with high efficiency can be made by disposing two or 
more kinds of fluorescent substance so as to receive the light emitted by the light emitting device sequentially. That is, 
when a color conversion member that absorias light in long wavelength region and emits light in long wavelength region 
and a color conversion member that absorbs light in longer wavelength region and emits light in longer wavelength 
region are formed one on another on the light emitting device having a reflector member, so that the reflected light can 

be effectively used. . * u • 

[00951 Use of the YAG fluorescent substance makes it possible to make such a light emitting apparatus having 
sufficient level of light fastness even when placed in contact with or in the vicinity of an LED chip that emits light with 
illuminance (Ee) In a range from 0.1 W • cm-2 to 1000 W - cnr^. 

The yttrium aluminum oxide-based fluorescent substance activated with cerium that is used in this embodiment 
and is capable of emitting green light has garnet structure, and is therefore resistant to heat, light and moisture, and 
Is capable of absorbing light with excitation spectrum having a peak wavelength in a region from 420 nm to around 
470 nm. It can also emit light with a broad emission spectrum having a peak wavelength X p near 510 nm tailing to 
near 700 nm. On the other hand, the yttrium aluminum oxide-based fluorescent substance activated with cerium that 
is capable of emitting red light has garnet stmcture, and is therefore resistant to heat, light and moisture, and is capable 
of absortjing light with absorption spectnim having a peak wavelength in a region from 420 nm to around 470 nm. I* 
can also emit light with a broad emission spectmm having a peak wavelength % p near 600 nm tailing to near 750 nnr. 
[0096] In the compositions of YAG fluorescent substance that have garnet structure, substituting a portion of Al atoms 
with Ga causes the emission spectrum to shift toward shorter wavelength, and substituting a portion of Y with Gd and/ 
or La causes the emission spectmm to shift toward longer wavelength. Color of emitted light can be changed contin- 
uously by controlling the composition. Therefore, ideal conditions are provided for converting blue light emitted by the 
nitride semiconductor into white light such as the capability of changing the light intensity of long wavelengths by means 
of the proportion of Gd. When less than 20% of Y atoms are substituted, green component Increases and red component 
decreases. When more than 80% of Y atoms are substituted, red component increases but luminance decreases 
sharply. As for the excitation absorption spectrum, too, in the compositions of YAG fluorescent substance that have 
garnet structure, substituting a portion of Al atoms with Ga causes the excitation absorption spectrum to shift toward 
shorter wavelength, and substituting a portion of Y with Gd and/or La causes the.excitation absorption spectmm to 
shift toward longer wavelength. Peak wavelength of tfie excitation absorption spectmm of the YAG fluorescent sub- 
stance is preferably on the shorter wavelength side of the peak wavelength of the emission spectmm of the light emitting 
device. When cun-ent input to the light emitting device is increased in this constitution, peak wavelength of the excitation 
absorption spectmm substantially con-esponds to the peak wavelength of the emission spectmm of the light emitting 
device, and therefore the light emitting apparatus that minimizes the chromatic deviation can be made without decreas- 
ing the excitation efficiency of the fluorescent substance. 

[0097] Such a fluorescent substance is made by using oxides of Y, Gd, Ce. La. Al. Sm and Ga or compounds that 
can be easily turned into ttie oxides at a high temperature and mixing ttiese materials in stoichiometrical proportions. 
Altematively. coprecipitation of a solution of rare earth elements such as Y, Gd, Ce, La, Al, Sm in oxalic acid in stoi- 
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chiometncal proportons may be fired and mixed with aluminum oxide and gallium oxide, thereby to obtain a mixture 
and fired .n a.r at a temperature in a range from 1350 to 1450-C for 2 to 5 hours, thereby to obtain ^Iclned materia 

♦?!b.Iin th T ""^'T l *° P^^^^ separation, drying rn?sSv.ng^hS 

to obtain the fluorescent substance. According to a method of manufacturing fluorescent substanceTanother em 
bod.m«.t. a mbctu^ of stock materials for the fluorescent substances with a flux added ther^o !s pXTCfiredTn" 
two stages; a first finng process carried out in air atmosphere or weakly reducing atmosphere arKirsecond firino 
process earned out in reducing atmosphere. The weakly reducing atmosphere refers to an^mo^her?^"^^^^^^ 
oxygen ,n such a concentration that is required at least for the reaction of producing the fluorlTent srsta^^S 
thesockmaterial of mbdure.Bycarryingoutthefirstfiring process till the desVedstru?^^^^^^^ 

substance « competed In the weakly reducing atmosphere, blackening deterioration of the fluoreVc^n substenS ^^^^ 
decrease .n the efficiency of absorbing light can be prevented from occurring. The redudng s^^^usedliut 
P^n„"f '""^."'r " ""'"^ '° atmosphere having higher reducing power than the weakly^Sg atr^o^^^^^^^ 
Finng in this process enables it to obtain fluorescent substances having high efficiency of abSnq rht ^ t h!.' 
excitation wavelength. As a result, quantity of the fluorescent substance required to produi the deSred Star tone 

10098] Two o more kinds of yttrium aluminum oxlde-based fluorescent substance activated with cerium havS no d^f' 
ferent compositions may be either used in a mixture or disposed separately When the 

placed separately. H Is preferable to place the fluorescent substance Lt absorSghrof sSXwaleS^^^^^^^ 
byfl^eiightemming device is placedfirst. and the fluorescent substance that absorbsHghtof^ 



(Nitride-based fluorescent substance) 



?!!L 1^^ substance used in the present invention contains N and also contains at least one element 

seleded from among Be. Mg. Ca. Sr. Ba and Zn and at least one element selected from among C S?Ge Sn 
and Hf and is actvated with at least one element selected from among rare earth elements tL niWdtbased fluf 

SL«Tfn^ ^ 5° •'' °' ^"^ "^^ ^"""^ "^"^ fluorescent substance and emit ifgM For exTZle 
fliere can be manufactured various fluorescent substances such as Ca-Ge-N: Eu, Z Sr-Ge-N- Eu Z Srlrrf^il»rS 
Z. Ca-Ge-O-N: Eu. Z. Sr-Ge-O-N: Eu. Z. Sr-Ca-Ge-O-N: Eu. Z. Ba-Si-N- Eu r^r-kl-Si-N Eu i 5 n m ^ ^• 
Sr-Ba-Si-O-N: Eu. Z. Ca-Si-C-N: Eu. Z. Sr-Si-C-N: Eu. Z. SrlcU^cJr- Eu"k (51c5>^ \ S,5tc O N^ku 
Z. Sr-Ca-Si-C-O-N: Eu. Z. Mg-SI-N: Eu. Z. Mg-Ca-Sr-Si-N: Eu. Z. Sr-Mg-Si-N- Eu Z li^gSi O N Eu Z Mn r c c ' 
O-N: EU l^Sr-Mg-SI-O-N: Eu. Z. Ca-Zn-SI-CN: Eu. Z Sr-Zn^l^-^: Eu. Z. S^-Ca'-Lst^N Eu 1 ba- ^^S^C-O 

= f";f 'f "^c:^' Sr-Ca-Zn-Si-C-O-N: Eu. Z. Mg-Zn-Si-N: Eu. Z . Mg-Ca-ZriSri^N^fu fsr £ Mo" 

Si-N: Eu. Z. Mg-Zn-Si-O-N: Eu. Z. Mg-Ca-Zn-Sr-Si-O-N: Eu. Z. Sr-I^g-Zn-Si-O-N- Eu Z C^Jnii Sn C N F^f?^^ 
Zn-Si-Sn-C-N: Eu. Z, Sr-Ca-Zn-Si-Sn-C-N: Eu. Z. Ca-Zn-Si-S^-C-O-N- Eu Z S^&la"sn C Sif'^ .f^^'^''" 
STS-^^^^f "'i- ^^J^^^^-^- ^ Mg-Ca-Zn-Sr-Si-Sn-N: Eu Z. S^^-Mg-^lJ^^e:^^^^^ 
aT.;^a^^nt:f™.^^^^^^^^^^ 

and Vb ^ese .re.a^ elements are Le^^^^'Z^'^^X^^^^^ ^^^^ ^U^^a^T 
earth elements mainly have a stable trivalent electron configuration while Yb and Sm have a Hiwlil^ . ' J L 
uration and Ce. Pr and Tb have a tetravalent electron configuration' ^J^ln^slng the rar^^^^^ 
o»de. participabon of oxygen exerts an influence on light emission characteristic. Namero:^genTomeL^^^ 

«^eium,nanceofemittedlightTothecontrary.oxygenhasameritofsuppresslngafterglowwZu^^^^^^ 

s«e can be increased by the effect of Mn and O as a flux, thereby to improve L luminanoe of e^ttL .^m ' 

TZ l H ?'^'"?f • ^ "^^ ^ co-activating agent. Lanthanum oxide (La^Og) is a white c^stSaS s auicklv 
^.nvertad ,nto a carbonate when allowed to stand in an air. Therefore. It is stored'ln an inert gL^molpJere 

Pr T nsTSo,;-!;^""' ^ ' ----^-^-9 agent. Unlike a conventional rare earth oyeio3 pseo^ymium 
oxide (PreOii) is a non-stoichiometnc oxide and turns into a black powder with the composition of Pr o whin hZ* ^ 
oxalate, hydroxide or carbonate of praseodymium to about 800»C in an air Pr.O Tused i I ? f f 

rnoTT f ' P--^^-'"- --P-"*^ and a high-purity product is ^m^'e^^^^ ^^^^'"^ 
S K. ^^^''"°'«scent substances of the present invention include Sr-Ca-Si-N: Eu. Ca-Si-N- Eu Sr-Si-N- Eu ra 

element of these fluorescent substances is represented by the general fom,ula: L^SiyN,^^^,Z 
^N,^x^ : Eu (1^ represents Sr and/or Ca). In the general fom,ula. X and Y ^e IrS^^bfyZ follows 
Y-5. or X-1. Y-7. Any fluorescent substance can be used. For example, there can be preferably used fluoJsceni 
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substances whose fundamental constituent element is represented by (SrxCai.x)2Sl5Ne: Eu, SrjSigNa: Eu. CagSisNg: 
Eu, SrxCai x^h^w SrS^N^o: Eu and CaS^Nn,: Eu containing Mn added therein. These fluorescent substances 
may contain at least one element selected from among Mg, Sr, Ca, Ba, Zn, B, Al, Cu, Mn, Cr and NL The present 
Invention Is riot limited to these embodiments and examples. 
[01 03] L is Sr and/or Ca. A mbdng ratio of Sr and Ca can be optionally replaced. 

[0104] A cheap fluorescent substance having good crystalllnlty can be provided by using Si In the fluorescent sub- 
stance. 

[0105] As a luminescence center, europium Eu as a rare-earth element is used. Mainly, europium has divalent and 
trivalent energy levels. In the fluorescent substance of the present Invention, Eu2+ Is used as an activating agent to an 
alkali earth metal-based silicon nitride as a base. Eu^* Is easily oxidized and Is commercially available In the form of 
trivalent EU2O3. However, because of large participation of O in commercially available EU2O3. good fluorescent sub- 
stance Is not easily obtained. Therefore, it is preferred to use those wherein O Is removed from EU2O3. For example, 
it is preferred to use europium alone or europium nitride, with the exception of the case of adding Mn. 
[OlOq Examples of the manufacturabie fluorescent substance include, but are not limited to, SrjSisNs: Eu, Pr, 
BaaSigNa: Eu, Pr. MgzSlsNg: Eu, Pr, ZngSlgNs: Eu, Pr. SrSi7Nio: Eu. Pr. BaSl7N^o- Eu. Ce. MgSiyN^o: Eu, Ce. ZnSi7Nio: 
Eu. Ge, SrzGegNe: Eu, Ce, BaaGegNs: Eu. Pr. MgsGegNe: Eu, Pr. ZngGegNe: Eu. Pr. SrGe7Nio: Eu. Ce, BaGe7N^o: 
Eu, Pr, MgGe7Nio: Eu. Pr. ZnGoyN^o: Eu, Ce. Sri.8Cao.2Si5N8: Eu. Pr. Bai aCacaSlsNa: Eu, Ce, Mg^.8Cao.2Sl5Na: Eu, 
Pr, ZniaCaozSlsNg: Eu, Ce, Sro8Cao2Si7Nio: Eu. La. Bao.8Cao.2Sl7Nio: Eu, La, Mgo.8Cao.2Sl7Nio: Eu, Nd, 
Zno8Cao2Sl7Nio: Eu. Nd, Sro 8Cao^Ge7Nio: Eu, Tb, Bao.8Cao.2Ge7Nio: Eu. Tb, Mgo.8Cao.2Ge7Nio: Eu. P' 
Zno8Cao2Ge7Nio: Eu. Pr, Sro gCao^zSieGeNio: Eu. Pr. Bao.8Cao.2SleGeNio: Eu. Pr, Mgo.8Cao^Si6GeNio: Eu, 
Zno eCao 2Si6GeNio: Eu. Y, SrzSigNa: Pr, Ba2Si5Na: Pr, SraSlgNg: Tb, and BaGoyNio: Ce. 

[0 1 07] Addition of Mn accelerates the diffusion of Eu2+, and Improves the luminance of emitted light, energy efficiency 
and quantum efficiency. Mn may be added to the stock material during preparation or. alternatively, Mn or a compound 
of Mn may be added during the manufacturing process before firing together with the stock material. However, the 
resultant material after firing does not contain Mn or contains far smaller amount of Mn than initially added. This Is 
supposedly because Mn was dispersed and lost in the firing process. 

[0108] The fluorescent substance contains one or more element selected from the group consisting of Mg, Ga, In. 
LI. Na, K, Re, Mo. Fe, Sr, Ca. Ba, Zn. B, Al. Cu. Mn, Cr, O and Ni, as well as the fundamental constituent elements. 
These elements have such effects as increasing the particle size and Improving the luminance of emitted light B, Al, 
Mg, Cr and NI have the effect of suppressing afterglow. 

[0109] Such a nitride-based fluorescent substance absorbs at least a portion of blue light emitted by the LED chip 
101 and emits light in a region from yellow to red. The nitride-based fluorescent substance and the YAG fluorescent 
substance are used together in the light emitting device having the constitution described above, so as to provide the 
light emitting device that emits white light of wanm color tone by blending blue light emitted by the LED chip 101 and 
light of a color in the region from yeliow to red emitted by the nitride fluorescent substance. The fluorescent substance 
used in addition to the nitride fluorescent substance preferably contains yttrium aluminum oxide-based fluorescent 
substance activated witti cerium. Addition of the yttrium aluminum oxide-based fluorescent substance makes it possible 
to control the chromaticity to a desired value. The yttrium aluminum oxide-based fluorescent substance activated with 
cerium absorbs a portion of blue light emitted by the LED chip 101 and emits light in yellow region. The blue llgl. 
emitted by the LED chip 101 and the yellow light emitted by the yttrium aluminum oxide-based fluorescent substance 
are blended to produce bluish white light. Therefore, the light emitting apparatus that emits blended light of whitish 
color by blending blue light emitted by the LED chip 101 can be made by mixing the yttrium aluminum oxide-based 
fluorescent substance and the fluorescent substance that emits red light in ttie coating member 101 having translu- 
cence. Particularty preferable Is a light emitting apparatus that emits light of color having chromaticity located on the 
locus of black body radiation in the chromaticity diagram. It is also possible to adjust the amount of fluophor in the 
yttrium aluminum oxide fluorescent substance and the fluophor that emits red light, so as to provide a light emitting 
apparatus that emits light of a desired color temperattjre. This light emitting apparatus that emits blended light of whitish 
color improves the special color rendering performance number R9. In the light emitting apparatus that emits white 
light constituted fi-om only the combination of a blue light emitting device of the prior art and yttrium aluminum oxide 
fluorescent substance activated wrth cerium has spedal color rendering performance number R9 of almost zero at 
color temperature around Tcp = 4600K. indicating deficiency in red component. Accordingly it has been called for to 
improve the special color rendering performance number R9. According to the present invention, ttie special color 
rendering performance number R9 can be increased to near 40 at color temperature around Tcp = 4600K by using the 
fluorescent substance ttiat emits red light together with ttie yttrium aluminum oxide fluorescent substance. 
[0110] The method of manufacturing the fluorescent substance ((SrxCa,.x)2Si5N8: Eu) of the present Invention will 
be described, but is not limited thereto. The above fluorescent substance contains Mn and O. 

[0111] Sr and Ca as the staring material are crushed. Although Sr and Ca as the staring material are preferably used 
alone, compounds such as compound and amide compound can also be used. Sr and Ca as the staring material may 
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^aln * u - : o "°' "^"'^ ^"^ <=~shed in a glove box in an 

argon atmosphere. Sr and Ca powders obtained by cmshing preferably have a mean particle diameter of about o i to 
15 ^m. but are not limited thereto. Sr and Ca preferably have purity of 2N or higher; but are not limited thereto to 
improve the m,xed state, at least one of metallic Ca. metallic Sr and metallic Eu can be used as a^a^ ma°eriS 
after forming into an alloy and nitriding the alloy and pulverizing. *«ning matenal 

Sim?. ? ^ f^'tf ^'^"^ ^"sf'^^- Al^oush Si as the starting material is preferably used alone a nitride 

K?' I" TT""** r ^'"''^ ^" ^'^'"P'«« '*^^of include Si3NTs1(NH" )! 

and Mg^S . Si as the starting matenal preferably has purity of 3N or higher, but may contain compounds suc^ as o 
Mg metal bonde (C03B. Ni3B. CrB). manganese oxide. H3BO3. 8,03. Cu,0 and CuO. Simil^ to Sr and^i as Sie 
starting matenal. Si is cnjshed in a glove box in an argon atmosphere or a nitrogen atmosDhere The Si ,^no. 
preferably has a mean pariide diameter In a range from 0.1 to IS ^m atmosphere. The SI compound 

fnJh^fol.o'IrgSi^ru'a?^^^ 



aSr+Nj-^SrgNj 



3Ca + N2-»Ca3N2 



Sr and Ca are nttrided in a nitrogen atmosphere at 600 to 900°C for about 5 hours. Sr and Ca may be mixed and 

TfTr aTd S'oiTe^b^r t^H^'^r^^^ Consequently, a nitride of Srand Ca can be obtained. Although me rStriSe 
of Sr and Ca preferably has high punty, a commercially available product can also be used 

foililia ^^^^ ^ atmosphere. This reaction scheme is shown in the following 



3Si + 2N2-*Sl3N4 



(3) 



Silicon Si is nttrided In a nitrogen atmosphere at 800 to 1200"'C for about 5 hours Conseauentiv siiirnn r.»riH<. 

;™trii;roTu:r'"'*"'^"^^^ 

TnttVn aS^sphe^ ' ^' ' ^"^^ ""^'^ " ^" atmosphere 

TiH^i. ntT!r?K^ "^'^^ of Si is crushed. Similariy, EU2O3 as a compound of Eu is cmshed. Although europium 
oxide IS used as the compound of Eu. metallic europium and europium nitride can also be used. In addition an i^dT 

^eferh';i?"'H^K^'"'^ ^ ^^^'^"g material. Although the europ/um ZZ 

preferably has high punty. a commercially available product can also be used. After crushing, the nitride SSnn^de 
and europujmoxideof theall<aii earth metal 

Ca B. z^r^ r '"^y «t least one element selected from the group con^st ng oTMgTr" 

■ I' 1 'x^' ° ^"'^ elements such as Mg. 2n and B can be mixed in a conTroiS 

addeS^T; ^^'^ ^" ^^^-'^ startJTg mateJafs bufare usS 

[0118] After the completion of crushing. Sr. Ca. a Sr-Ca nitride a nitride of Si. and EU2O3 as a compound of Eu are 

[0119] Rnaily. the mixture of Sr, Ca. a Sr-Ca nitride a nitride of Si. and EU2O3 as a compound of Eu is fired in an 
LTbta^ini^rfi^nl^^ 

be Obtained by finng. The reacton scheme of the fundamental constituent element by means of firing is shown bel^ 

I Sr3N2 . Ca,N, . f Si3N, . 2|3 ^^^^^ 

-» SncCa,^7.xEuo ogSigNy 980o.o4s 
The composlfion of the objective fluorescent substance can be replaced by changing the mixing ratio of the 
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respective starting materials. 

[0120] FInng can be effected by using a tubular furnace, a small-sized furnace, a high frequency furnace or a metal 
furnace. Firing can be effected at a firing temperature In a range from 1200** b 1700*C. and more preferably from 
1400 to 1700**C. Firing is preferably effected by using a single-stage firing process of firing at a temperature In a range 

5 from 1200 to 1500**C for several hours after gradually heating, and can also be conducted by using a second-stage 
firing (multi-stage firing) process comprising a first-stage firing at a temperature In a range from 800 to 1000**C and a 
second-stage firing at a temperature in a range from 1200 to ISOO^'C after gradually heating. The starting materials of 
the fluorescent substance are preferably fired using a crucible or boat made of boron nitride (BN). In addition to the 
crucible made of boron nitride, a cmcible made of a alumina (AI2O3) can also be used. 

10 [0121] The desired fluorescent substance can be made by employing the manufacturing method described above. 
[0122] In this embodiment of the present invention, a nitride-based fluorescent substance is used as the fluorescent 
substance that emits reddish light. According to the present Invention, the light emitting apparatus having the YAG 
fluorescent substance and a fluorescent substance capable of emitting light of reddish color may also be made. Ru- 
orescent substances capable of emitting light of reddish color are those which are excited by light of wavelength in a 

IS range from 400 to 600 nm and emits light, for example. Y2O2S: Eu, LajOaS: Eu, CaS: Eu. SrS: Eu, ZnS: Mn, ZnCdS: 
Ag, Al. 2:nCdS: Cu, Al and so on. By using such a fluorescent substance capable of emitting light of reddish color 
together with the YAG fluorescent substance, color rendering performance of the light emitting apparatus can be im- 
proved. 

20 [Adhesive layer 110] 

[0123] The adhesive layer 110 used in this embodiment Is an inorganic material layer formed by placing the light 
emitting device on the supporting body via an organic material In the state of sol and heating to dry. Moreover, the 
adhesive layer of the present invention is coloriess transparent layer ttiat continuously exists between the top surface 
25 of the supporting body and the bottom surfece of the light emitting device and extends over the side faces of the light 
emitting device. 

[0124] Due to the reflection on the package and other surface, light of high energy emitted by the LED chip fills the 
adhesive layer with high density. When a nitride-based semiconductor that is capable of emitting light of high intensity 
with high energy is used as the LED chip, it is preferable to use an oxide containing at least one element selected from 
30 the group consisting of Si, Al, Ga, Ti. Ge, P, B, Zr, Y, Sn, Pb and alkali earth metals that is durable to light of high energy 
as the adhesive solution provided between the light emitting device and the supporting body. 

[0125] As the major material to make the adhesive layer, a light transmitting inorganic material such as Si02, AlzOg, 
Zr02, Y2O3 or MSiOg (M represents such an element as Zn, Ca, Mg, Ba, Sr) Is preferably used. The bottom surface 
of the light emitting device and the top surfece of the supporting body are put against each other via the light transmitting 

35 inorganic materia! so as to fasten the light emitting device onto ttie supporting body. According to the present invention, 
the oxide containing at least one element selected from the group consisting of SI, Al, Ga. Ti, Ge, P. B, Zr, Y, Sn, Pb 
and alkali earth metals is produced from organometallic compound similariy.to the material used to form the coating 
layer. When such an organometallic compound that is in liquid phase at an ordinary temperature Is used, the viscosit 
can be controlled for better workability and solidification of the organometallic compound can be prevented by adding, 

40 an organic solvent, ttiereby to improve the woricabllity: Since such an organometallic compound can easily undergo 
chemical reaction such as hydrolysis and produce inorganic substances such as oxide and hydroxide, the adhesive 
layer can be easily formed without compromising the performance of the LED to emit light by means of the oxide 
containing at least one element selected from the group consisting of Si, Af, Ga, Ti, Ge, P, B, Zr, Y, Sn, Pb and alkali 
eartti metals. Also in case the adhesive layer extends over the side faces of the light emitting device, die bonding of 

45 the metallic solder may result In metals that absorb light emitted by the light emitting device in a region from near 
ultraviolet to blue being contained in the metal solder. When the light emitting device is die-bonded with Au-Sn eutectic 
solder, for example, Au absorbs light emitted by the light emitting device In a region from near ultraviolet to blue, leading 
to a decrease in the output power of the light emitting apparatus. The adhesive layer of the present invention, in contrast, 
does not absorb light emitted by the light emitting device in a region from near ultraviolet to blue, and therefore enables 

50 it to make the light emitting apparatus having a high efficiency of light emission. 

[01261 Now Si02. AI2O3 as major component of the adhesive layer will be described below. 

(Adhesive layer using Si02) 

55 [0127] The adhesive layer based on Si02 is formed in such a process: silica sol adhesive solution prepared by mixing 
an alkyi silicate and an organic solvent having high boiling point in predetenmined proportions is applied to a predeter- 
mined position on the surface of the supporting body by stamping or dispensing, then the bottom surface of the light 
emitting device is put onto the surface of the supporting body via the silica sol and is heated so as to solidify the SiOg' 
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component. Stamping refers to such a process as the distal end of an application needle is pressed against the adhesive 
solution, then the distal end of the application needle having the adhesive solution deposited thereon is moved to a 
position nght above a predetennined position on the surface of the supporting body and is pressed against the surface 
of the supporting body, thereby applying the adhesive solution to the predetermined position on the surface of the 
supporting body. Dispensing refers to such a method as the adhesive solution that fills a cylinder of a die bondino 
matenal supply apparatus is discharged by means of either a piston or air pressure so as to deliver a specified amount 
of the adhesive solution to the predetermined position on the surface of the supporting body 

[0128] As described above, the hydrolysis reaction of ethyl silicate proceeds faster as the temperature is higher and 
proceeds even faster «Jen the product ethanol is removed. When a gel produced through the hydrolysis reaction of 
ethyl silicate is heated. SiO^ of mainly amorphous state is generated. Therefore, a hydrolysate solution of ethyl silicate 
in gel state is applied to the supporting body by stamping or dispensing, then the bottom surface of the light emitlina 
device IS put onto the surface of the supporting body via the adhesive solution and is heated so as to make the lidht 
emitting apparatus having the light emitting device bonded onto the surface of the supporting body by means of SiO 
ParticUarly In «,is embodirhent. ethyl silicate is prepared as a hydrolysate solution in tt^e state of Z^Zl if^, 
viscosiV. and the hydrolysate solution is applied to a predetennined positon on the surface of the supporting bodv bv 
stamping or dispensing, then the light emitting device is pressed from above so as to be die-bonded, thereby causina 

nJh! 'wfc? h * *° T"^ °r ^'t '"'^ '^"^^ °' ^ e'Hrttlng devic^ 

will not be displaced from the position where it has been placed and is secured onto the supporting body by the SiO 

*|at IS forrnedbyheating the adhesive solution. In theprior art. sinceethyi Silicate CO 

turned into sol. there have been such problems as the light emitting device is dislocated due to flow of the adhesive 
solution or surface condition of the light emitting device deteriorates due to moisture before heating, thus givinq an 
adverse eflec^ on the optical characteristic of the light emitting device. According to the method of ttlis embodiment 
*e hydrolysate solution of ethyl silicate in the state of sol hardly contains moisture and produces mainly amorphous 
S1O2 simply by heating. Therefore, the adhesive layer based on SiO^ can be easily formed so as to fasten the light 
emitting device onto the supporting body without causing displacement of die bonding position and deterioration of the 
optical charactenstic of the light emitting device. Also the adhesive layer based on SIO^ formed by the adhesive solution 
extending over the side faces of the light emitting device and the coating layer wherein the fluorescent substance is 
bound with S1O2 that IS formed on the light emitting device later join with each other on the side faces of the light 
emitting device. These layers are made of the same organometellic compound as the starting material and therefore 
contains rnuch components of the same kind so as to bond with each other satisfactorily. Therefore, the adhesive layer 
based on SiO^ fanned by the adhesive solution extending over the side faces of the light emitting device prevents the 
coating layerfrompeelingoff the light emitting device therebytomake the light emitting apparatus having high reliability 
(Adhesive layer based on AI2O3) 

10129] The adhesive layer based on AI2O3 can be formed in such a process as: alumina sol is prepared by mixing 

tons to make the adhesive solution, that is applied to the predetennined position of the supporting body by stamping 
or dispensing, then the bottom surface of the light emitting device is put onto the surface of the supporting tody ^a 
the alumina sol so as to turn the AI2O3 component into amorphous state sooayvia 

Surnl a^thTfinlfproduT' """"""" '^^^ '^"^ ^y'"^-'<^- - 

in .-.r "9^ f '"f "9 apparatus can be made by having aluminum isopropoxide react with water contained 

in ar that is then applied to the supporting body as the adhesive solution by stamping or dispensing then the bottom 
surfaceof the light emitting device is put ontothesurface of the supportingbo'^ 

K° . J?^ ^'!!'*"^ apparatus having the light emitting device bonded onto the surface of the supporting 

^ftl!!'^7^ ° T ^ ^^^""^ ''^^^^ °" fo""ed by the adhesive solution extending over t^e 

side faces of the light emitting device and the coating layer wherein fluorescent substance is bound with Al,0, that is 
fomied later on the light emitting device Join with each other on the side (aces of the light emitting device. Thise layeS 
^m!« H ^^""f °/9^"°"?f ^'"'^ «"nPOund as the starting material and therefore contain much components of 
the same kind so as to bond with each other satisfactorily. Therefore, the adhesive layer based on AI2O3 fom^ed by 
Sf thf over the side faces of the light emitting device prevents the coating layer from peeling 

off the light emitting device thereby to make the light emitting apparatus having high reliability. 
In™ 1 '«y«^ o" SiOa a"d the adhesive layer based on AI2O3 described above are bonding 

formed by using inorganic material unlike the conventional bonding that uses resin, and as such are far tess likely to 
detenorate due to exposure to ultraviolet ray. with the bonding strength maintained without decreasing even when used 
in combination with a light emitting device that emits light Including wavelength shorter than that of blue light or a light 
emitting device that emits ultraviolet ray (ultraviolet ray emitting device) ^ 
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[0132] In this embodiment, the light emitting device Is die-bonded onto the supporting body by heating the adhesive 
solution to a temperature in a range from 50**C to 300^*0. The heating may be carried out by placing the light emitting 
device on a heater or in an oven or the lilce. As the moisture and the solvent contained in small quantities in the solution 
that Is In the state of gel are evaporated by heating, the adhesive solution in the state of gel is tumed Into an adhesive 

5 layer consisting of particles made mainly of Si02 having particle size of several nanometers. The adhesive layer consists 
of aggregate of numerous particles made mainly of the inorganic material having size of several nanometers, with 
voids existing between the particles. When the adhesive layer undergoes an significant change In temperature, the 
partlcfes expand or contract. As a result, unlike a case where the light emitting device is bonded by means of molten 
glass or a resin having a thermal expansion coefficient signlflcantiy different from that of the supporting body without 

10 such particles as described above, the adhesive layer of the present invention as a whole Is not subject to substantial 
thermal stress and is therefore free from peel-off or crack. Thus the light emitting apparatus of the present invention 
can maintain high reliability even when used in a situation subject to significant temperature changes. 
[01 33] Furthermore, since the adhesive layer of this embodiment Is controlled so as to have a high viscosity, it does 
not flow away from its place between the bottom surface of the light emitting device and the supporting body surface 

15 and on the side faces of the light emitting device, and Is solidified in the place after die bonding and heating. Thus such 
a light emitting apparatus can be obtained as the light emitting device is die-bonded onto the surface of the supporting 
body by SIO2 and does not dislocate from the position where it Is initially placed. 

[Filler] 

20 

[0134] The adhesive layer descritied above may also contain a filler having a heat conductivity higher than that of. 
oxide containing at least one element selected from the group consisting of SI, Al, Ga, Tl, Ge, P. B, Zr, Y, Sn, Pb and 
alkali earth metals, or hydroxide containing at least one element selected from the group consisting of Si, Al, Ga, Tl, 
Ge, P, B, Zr, Y, Sn, Pb and alkali earth metals. Addition of such a filler Improves the heat dissipating effect of the light 
25 emitting apparatus. The filler may be metal power such as alumina or Ag used for forming the adhesive layer from 
Si02and die-bonding of the LED chip. 

[LED chip 101] 

30 [0135] The LED chip 101 used as the light emitting device In this embodiment Is one that can excite the fluorescent 
substance. The LED chip 101 used as the light emitting device is made by forming a light emitting layer of semiconductor 
such as GaAs, InP, GaAIAs, InGaAlP, InN, AIM, GaN, InGaN. AIGaN or InGaAIN on a substrate by iViOCVD process 
or the like. The semiconductor layer may have homojunctlon structure, heterojunction structure or double heterojunction 
structure having MIS junction, PIN Junction or PN junction. Emission wavelength can be controlled by adjusting the 

35 material and the mixed crystal composition of the semiconductor layer. The semiconductor active layer may also be 
fonned in a thin film wherein quantum effect takes place, having single quantum well structure or multiple quantum 
well structure. The semiconductor layer is preferably be formed, from nitride-based compound semiconductor (general 
formula InjGajAI^N, 0 ^ I. 0 ^ j, 0 ^ k, I + j + k = 1) capable of efficiently emitting light of relatively short wavelength 
that can efficiently excite the fluorescent substance. 

40 [0136] When gallium nitride-based compound semiconductor is used, the semiconductor substrate is preferably 
made of such material as sapphire, spinel, SIC, Si, ZnO, GaAs or GaN. In order to form gallium nitride of good crys- 
tallinity, sapphire substrate Is preferably used. In case a semiconductor film is formed on the sapphire substrate, it is 
preferable to form a buffer layer made of GaN, AIN or the like, and then form the gallium nitride semiconductor having 
pn junction thereon. Single crystal of GaN that is grown on the sapphire substrate by using Si02 as a mask may also 

45 be used as the substrate. In this case, the light emitting device and the sapphire substrate may be separated by 
removing Si02 by etching after forming the semiconductor layers. The gallium nitride-based compound semiconductor 
shows n-type conductivity when not doped with an impurity. In order to form a desired a-type gallium nitride semicon- 
ductor for such a purpose as improving the efficiency of light emission, it Is preferable to introduce an n-type dopant 
such as Si, Ge, Se, Te or C. In order to fbnn a p-type gallium nitride semiconductor. It is preferable to introduce a p- 

50 type dopant such as Zn, Mg, Be, Ca, Sr or Ba. 

[01 37] Since a nitride gallium-based compound semiconductor does not easily turn Into p-type simply by doping with 
a p-type dopant, it is desired to apply annealing by heating in a furnace, irradiation with low-velocity electron beam or 
irradiating with plasma after Introducing the p-type dopant. Specific layer constitution of the light emitting device may 
preferably be such as an n-type contact layer of gallium nitride semiconductor, an n-type cladding layer of aluminum 

55 gallium nitride semiconductor, an active layer of indium gallium nitride semiconductor doped with Zn and SI, a p-type 
cladding layer of aluminum gallium nitride semiconductor and a p-type contact layer of gallium nitride semiconductor 
are formed on a substrate made of sapphire or silicon carbide having a buffer layer formed from gallium nitride, alu- 
minum nitride or the like at a low temperature. In order to form the LED chip 101 having a sapphire substrate, the p- 



EP 1 437 776 A1 



type semiconductor and the n-type semiconductor surfaces are exnoQ-^H kw of^hir,« n.. 

S^f^ .^"^ <«.l.^» nay be b, u,l,B.g ,be etec«o coTductt^Sy of the sutetlt. 

[0138] Then the semiconductor wafer is divided by means of a dicina saw havinn a rnf«fi«« wi^iT *• 
forfull cutting, or cutting in so as to fom, a groove wiL than tSe bSt^rdthrh^^ 

by an external force. Alternatively, the semiconductor wafer may also be Sed £ draSeXr^^^^^^^ k T'^' 
in checkered pattern on the semiconductor wafer with a scriber having Hfarnond tioTLt ""^ 
movement, men cleaving the wafer into individual chips by an e^eZ foJ^ ?hus tL L^^ 
nitnde-based compound semiconductor can be formed. ^ °® °' 

10139] The light emitting apparatus of the present invention is operated to have the LED chin ini ^rr>H ii^k* 



[Metal package 105] 



[0140] The metal package 105 used in the light emitting apparatus accordina to one emhoriim««» „f 
rnvention comprises a recess "a" that accommodates the light emitting dSaSl a tZeT^t^n \elTl^^^^ 
are disposed, and serves as the supporting body for the light emitting device. Bottom surfa^o^2 ^^I T^^ 
bottom surface of the lead electrode are located in substantially the same plane ^"^ ^"^ 

[0142] Now each constituent member will be described In detail below. 



(Recess "a") 



[0143] The light emitting apparatus of this embodiment has the r*»rTO«8 "a" ir, ,,^,4 ^* ♦u 

light emitfing device 101. the <iating layers 108, iSTnd the ad^tsTvX^^ 1 0 ftereTn '^'f "^'"^ 

IS located in substantially the same plane as that of the mounSngTurfai or t^e TaM tSZcf h 
bottom surface of the lead electrode, so as to contact the component mounJnys^^^^ 

IS made thin in order to ensure sufficient heat dissipation performance TefSab^ f^rl o n?^^ T" V^ '^^^ 
preferably from 0.05 mm to 0.1 mm. The bottom skin of the re^sXs mSe c^n dTsTioat hT^: '° TT' '""'^ 
lightemitting device that is mountedinthe recess effidently to the moum^^^^^^ 

of the present invention achieves low themial resistance and can dissipate heat generated b^ h^l^ZS^^'^'^^^ 
through a short heat conduction path to the mounting substrate generated by the light emitting device 

ar^e^ nT"" ^^"^ " ^ "^^^ ^--^ appar ;rrrof^;^^^^ 

other component, resulting in short circuiting between the electrodes ^ °' 

[0146] ■"'erecesscanbefbrmedby.forexample.drawingofametalsheet.inthisembodiment the recess is form^H 
by drawing a metal sheet from the principal surface thereof so as to flow to the back 
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(Base section "b") 

[0147] In this specification, flat portion of the metal package is referred as the base section "b". The base section 
has at least one through hole that penetrates therethrough in the direction of thiclcness. The through hole Is provided 
for securing the lead electrode, and the light emitting apparatus of this embodiment has two through holes. The through 
holes oppose each other across the recess "a", while positive and negative lead electrodes are inserted through the 
respective through holes via an insulating member. Such a constmction enables it to dispose the light emitting device 
at the middle between the lead electrodes, thus achieving good directivity. 

[0148] Only requirement for the positive and negative lead electrodes of the light emitting apparatus of the present 
Invention Is that at least one of them Is inserted In the tiirough hole made in the base section via an insulator, and the 
other lead electrode may be fonned Integrally witti ttie metal package as shown in Rg. 2. Such a constitution is pref- 
erable because ttiere Is no insulator between tiie light emitting device mounting surface of the package to one end 
face of the package, and therefore heat dissipation is Improved. 

[0149] The light emitting apparatus of the present Invention is characterized in that the base section of the metal 
package is thicker than the bottom skin of the recess. Thickness of the base section Is preferably in a range from 0.3 
mm to 1 .0 mm, and more preferably from 0.6 mm to 1 .0 mm. When the base section Is thinner than 0.3 mm. strength 
of the metal package as a whole becomes insufficient, and stress caused by welding witti the lid may cause crack In 
the welding interface, which decreases the airtight performance and allows moisture to enter the package resulting in 
corrosion of wires and the light emitting device, thus lowering the reliability. When ttie base section is thicker than 1 
mm, it becomes difficult for pulse cun-ent to reach the welding interface which may result in insufficient sealing. It ak 
leads to larger thickness of the light emitting apparatus and higher cost. 

[01 50] Outer edge of tiie base section preferably has a flange section along the bottom of the base section. Such a 
structure causes the exposed end face of the package and the inner wail of the lid disposed on the light emitting surface 
side to be aligned with each ottier while the top surface of the flange section and the top surface of the lid are aligned, 
so that positioning of these components can be done easily and productivity is improved. 

[01 51] A supporting body may be provided on the back of the base section. It is preferable to dispose the support 
bodies at equal intervals between the lead electrodes that protrude from the back surface, since it improves the stability 
of mounting of the iight emitting device. The support bodies are preferably made of a material similar to that of the 
base section, which helps improve ttie heat dissipation from the light emitting apparatus. 

[01 52] Heat conductivity of the lead electrodes and ttie metal package Is preferably In a range from 10 W/m-K to 1 00 
W/m K more preferably from 15 W/m K to 80 W/m K. and most preferably from 15 W/m-Kto 50 W/m-K, which enables 
it to make the light emitting apparatus that is capable of operating with the input of a large cun-ent for a long period of 
time while mainfainlng reliability. , ^ ^_ 

[01 53] Themial expansion coefficient of the lead electrodes and ttie metal package is preferably in a range from 0.05 
X 10^/deg to 0.20 X 10-^/deg. ^. . 

Thermal expansion coefRdent of the metal package Is preferably the same as or higher than that of the insulator. 
When both members have the same thermal expansion coefficient, the two members can be bonded togettier without 
breaking. When thermal expansion coefficient of ttie metal package is higher than tinat of the insulator with differencp 
within 0.01 x 10^/deg. breakage due to the difference in thermal expansion coefficient can be avoided by increasing, 
the contact area, while the metal package shrinks to an appropriate degree due to the difference in thermal expansion 
coefficient so that the through hole shrinks in the radial direction, thus enabling the metal package and the insulating 
member to come into close contact with each ottier without need to provide an oxide film on the inner surface of the 
ttirough hole. As a result, tiie manufacturing process can be simplified and ttie light emitting apparatus ttiat can be 
manufactured favorably in mass production can be provided. 

[01 54] The material of the metal package preferably has high strengtti so as to fomi the package of smaller thickness. 
Prefen-ed material for the metal package is, for example, kovar or iron. Kovar is an aHoy of Fe-Ni-Co, that has thermal 
expansion coefficient similar to ttiat of low-melting point glass used for the Insulating member and provides good airtight 
sealing. This material is preferably coated witti Ag plating, which improves reflection of light on the package surface 
while ttie Ag layer serves as a brazing material so as to improve bonding between ttie light emitting device, wire and 
ttie lid witti ttie metal package. These effects an be further enhanced by providing lusteriess plating of ttie Ag layer. 
[0155] The metal package of ttie present Invention is constituted as described above, so that ttie light emitting ap- 
paratus having high reliability can be manufactured with lower cost. 

[Lead electrode 102] 

[01 56] The light emitting apparatus according to one embodiment of ttie present invention has positive and negative 
lead electrodes 102 that are inserted via insulating member in the through holes made in ttie base section of ttie metal 
package. Distal end of the lead electrode protmdes from the surface of the base section, while ttie bottom surface of 
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thejead electrode is located on substantially the same plane with the bottom surface of the mounting surface of the 

10157] Top surface of the lead electrode 102 where a wire is to be connected has an area preferably in a ranae fro,« 
0.02 mm2 to 0.2 mm^. more preferably from 0.05 mm2 to 0.15 mm^. Such a constitution en^abtesTto mJ S tSe S 
emitting apparatus that allows for precise wire bonding and is small in size ^ 
[0158] Bottom surface of the lead electrode where the light emitting device is to be mounted has an area oreferablv 
Ll3nn ^'L^r*"''."^'^' '^^"^ body for the light emitting deviStteT^y 

s^te T?. H TT"^ "^"""^ ''"^ »° ^'^'^^ """^^ With the m^^flnTstS^ 

.vShIT. i T : « '"'i ^ "'^''^ ^''^'"P'^' P^'^^'^S tf'e tead electrode foZed !n a 

^Jlnl^l H °." * '"'^ «»»P« °f «he lead electrode on the bottom side Is^I^ertJS T 

shape, fan shape, inverted taper shape or the like. invenea T 

[Lid 106] 

i°ilfh?fn,I^^-^* ^"^i"^ ^o'l^^li^ according to one embodiment of the present invention has the lid 106 comprising 
a light transmitting window 107 and a metal section provided on the principal surface of the metal narka^oioK x2 

'llr ^"^r ^'"'""^ apparatus andls :^:^ZZ^:1T^Vtr2t 

0160] 'n«hsen*odiment.thewindow107i8locatedinthetopsurfaceofthelightemittingdevice101thatirmo^^^^ 
n the recess -a- of the metal paclcage 105. and has an intersect with the extension line of the inner waH of thTroc^S 

oft^« .l^ff^ "^^^f ^ considered to exist in a region roughly delimited by the e^^ns^on Snes 

of the sKle faces of the recess "a". Accordingly, the area of the window 1 07 that is the light emitting su^faS mav be 

rn^^°«ng^t"S;^^^^^^^^ 

[01 61] l^aterial to make the lid 1 06 preferably has a thermal expansion coefficient of a value simUar to those nf th« 
a^Tp?:tecttrr' ^ P.atirS Cp™!^^^^^^ 

[016q ""^e'l'l '•06 and glass can be hemietically sealed by placing a glass tablet in an onaninnthafie* -4- .i. 

nd 106 by using, for example, a sealing jig made of carbon a'nd passing it "rlugh "fu3 ' 

? .! 1 H^^^ '"^ ^ °^ " ^ flat smooth surface that can make close contact with th» 

weeded surface of the package 105 and Is capable of hemietically sealing the package 105. W^en a nS°hatfs convex 

o the f^^.- ' '""'"^^ ^" satisfactorily bound on the back surfaS of Sfw X 1 07 

of the lid 106. thereby making the light emitting apparatus with a high yield of production 

ltaI.f?n.«Jl°„T^'' 'I^^'Tk*^*^ Window surface is curved into a lens shape, light can be favorably converged and the 
light emitting apparatus that emits light with high intensity in the front direction can be made. """^"^^^ ^"'l 

Embodiment 2 

in Jenln.""'^' ^ ^ "^^^ ^^^^^ 

This embodiment is an application of the present invention to an LED mounted on a resin oackaoe unlike th« 
^01 p^f • ' "-^^ P"^9^ as supportinTbocSTSinSf^^^ 

denolT ? '^"'^ ^" electrically conductive wire. 113 denotes a moWing member 1 11 

110 denotes an adhesive layer. In this embodiment, the coating layers 111 and 112 are single layere of an thJt 
consists mainly of SiOj and contains fluorescent substance. TTie Dght emitting devi<i loTand th^^!«r i 
and 112 are seated with the molding resin 113, unlike in the first emboren't ITled c^^? oi ^eTciid " Z 
S nf^n' I - '"'J' °' -"'^^ "0 "y the hydrolysis of JthTsHfc^e A 

b^^L !k ^' '^y^"" ^""^ "2 "'^^^ P'^^«"* '"^«"«°" are fomied also on the supportina 

toZ:;rs^ir:rd:::e^^ 

[0167] The coating layers being formed as described above enables it to achieve uniform light emission chararfPri.=«r 
due to substantially the same optical paths for light emitted from different points of theZwemMm d^^!.? fi? 
coating layer being fom,ed on the supporting body has such an effect that t£e c^ClaJer L^ss ^^^^^ the' 
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light emitting device and from the supporting body. Moreover, fomiing the coating layer that contains the fluorescent 
substance on the supporting body increases the probability of the light, that is randomly reflected In the molding member 
without wavelength conversion, to undergo wavelength conversion by the coating layer provided on the supporting 
body. 

5 [01 68] As shown in Fig. 3, since the coating layers 111 and 112 are fbmned as thin films, there is an interface between 
the coating layers 111 and 112 and the molding resin 113 near the bonding position of the electrically conductive wire 
104- This configuration suppresses the occurrence of brealcage of the electrically conductive wire 104 due to thermal 
stress caused by the difference In thenrnal expansion coeffident between the coating layers 111 and 112 and the molding 

resin 113. 

10 [0169] Now the component members will be described in detail below. 
[Paclcage 114] 

[0170] As shown in Fig. 3, the package 114 used in another embodiment of the present invention serves as the 
IS supporting body that holds and protect the LED chip 101 in the recess, and also has an external electrode 102 for 
electrical connection with the outside. The package 114 may also have a plurality of openings that re formed in ac- 
cordance to the number and size of the LED chips 101 . The package 114 is preferably made to have a dari< color such 
as black or gray on the surface so as to shield light, or has a dark color on the outside of the light emitting surface of 
the package 114. The package 114 may also have, in addition to the coating layers 111, 112, the molding resin 1-»'* 
20 that is a light transmitting protective member that protects the LED chip 101 from the environmental influence. T\ 
package 114 is made of a material that txsnds well with the coating layers 111, 112 and the molding resin 113, and has 
high rigidity. The LED chip 101 is preferably electrically insulated from the outside. In addition, the package 114 is 
preferably made of a material of low thermal expansion coefficient in onJer to ensure bonding with the molding member 

113 when subjected to thermal influence from the LED chip 101. 

25 [0171] Bonding with the molding member 113 may be improved by applying embossing to the Inner surface of the 
recess of the package 114 so as to increase the contact area, or by applying plasma treatment. The recess of the 
package 114 preferably expands toward the mouth with the side faces thereof being tapered. Such a configuration has 
an effect of improving the efficiency of extracting light since light emitted by the light emitting device is reflected on the 
side faces of the recess and is directed In the front direction. The package 114 may also be formed either Integrally 

30 with the external electrode 102, or separately in a plurality of parts that are assembled by snap fitting. The pccckage 

114 as such can be relatively easily formed by insert molding or the like. The package may be made of a resin such 
as polycarbonate resin, polyphenylene sulfide (PPS), liquid crystal polymer (LCP), ABS resin, epoxy resin, phenol 
resin, acrylic resin or PBT resin, ceramics or a metal. When the light emitting apparatus employing an LED chip that 
emits light including ultraviolet ray is operated with a high output power, such problems are expected as the decreasing 

35 efficiency of light emission due to yellowing discoloration of the resin and reduced lifetime of the light emitting apparatus 
due to decreased mechanical strength, as the resin is deteriorated by ultraviolet ray. Therefore, use of a metal to form 
the package Is preferable because it does not deteriorate unlike resin even when LED chip that emits light including 
ultraviolet ray is operated with a high output power. 

[0172] Coloring agent used to give a dark color to the package 114 may be a dye or pigment and. for example, Cr203. 

40 Mn02, Fe203 or carbon black may be preferably used. 

[0173] The LED chip 101 and the package 114 may be bonded together with a thermosetting resin or the like. Spe- 
cifically, epoxy resin, acrylic resin or imide resin may be used. When the light emitting apparatus employing an LED 
chip that emits light including ultraviolet ray is operated witti a high output power, ttie bonding between the LED chip 
101 and the package 114 is affected by ultraviolet ray and other radiation emitted by the LED chip, and light emitted 

45 by the LED chip is reflected by the resin and fluorescent substance contained therein, thereby filling the inside of the 
package with high density. This may result in such problems as the decreasing efficiency of light emission due to 
yellowing discoloration of the resin and reduced lifetime of the light emitting apparatus due to decreased mechanical 
strength, as the resin In the bond is deteriorated by ultraviolet ray. In order to prevent such deterioration of tiie resin 
in the bond due to ultraviolet ray, a resin including an ultraviolet absorbing agent, more preferably an inorganic material 

50 according to the present invention is used. Parilcularfy when the package is made of a metallic material, the inorganic 
material according to the present Invention or eutectic solder such as Au-Sn is used for bonding LED chip 101 and the 
package 114. As a consequence, the bonding portion is not deteriorated unlike in the case of using resin for bonding, 
even when ttie light emitting apparatus employing an LED chip that emits light including ultraviolet ray is operated witti 
a high output power 

55 [0174] Ag paste, carbon paste. ITO paste, metal bump or the like is preferably used for fastening tiie LED chip 1 01 
and electrically connecting the exlemal electrodes 102 provided in the package 114. 
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[External electrode 102] 

, J '"1° '^'P '^'^P^^^'* Accordingly the electrodes may be provided in various forms suSi as an 

electncal conductive pattemorleadfrarne formed on the package114.Tt.e external electrodes102may^^^ 

'TT^T" f *~ "^^^ -"^"ctivlty and characteristics of ^^LED c JpToi 

'V^®^ may be made of copper or phosphor bronze sheet coated with metal olatina of 

s ver pa^^ad.um. gold or the like or solder applied thereon. In case the external electrodes 102 arTfor^e^^the "o^^ 
of lead frame, thidcness of the electrodes is proferably in a range from 0.1 mm to 2 mm for the convenient c^?nrocesT 
Tf'T Vr^"^"^? ^'"^^ <lepen6lng on the electrical conductivity and heat conductivity.rcJrt^I e^mai 
electrodes 1 02 are fom.ed on a supporting body made of glass epoxy resin or ceramics, the elS^de^y be f^^ed 

rrnSnl r 'TT ^ °" « ^^^'^ ""^"^ "oard thickness ofT^cJl sSTas 

copperfoll IS proferablyfi^m18to70^m. The copperfbll may also becovered by gold or solderplating applied^ 

[Electrically conductive wire 104] 

mI2.*IIl!«f'fh'*I cI5' ^"?nf *° ^""'^ ""t^ct and mechanical connection with 

0.01 cal/(s)(cm2){"C/cm) or higher, and more preferably 0.5 cal/(s){cm2)(-'C/cm) or higher Diameter of the 
conductive wire 1 04 is preferably In a range from 10 to 70 »un Jhin the light eriitting apl^^T^fii^ted '^^^ 
output, or in consideration of the convenience of processing is operaiea with high 

thereof The etecfrically conductive wire 104 made of such a material can be used to easily connect between 
electrades of the LED chip 101 and inner leads and mount leads by means of a wire bonding tc^ o^ me 

[Molding member 113] 

"'?"''"^ ™^ provided to protect the LED chip 101. the electrically conductive wires 104 

the effiaency of e)rtracting light according to the application of the light emitting apparatus The moldina memb^ 1?? 
rnay be fomied preferably from various resin or glass. For the material to make the molding mer^brm'a tS^^Srent 
resin having high weatherability such as epoxy resin, urea resin, silicone resin or fluorocarbon resin o gfass A dS,n 
agent may also be contained in the molding member in order to mifigate the directivity of light^r^^itX the LE^S^chto 

ie binirTtr "^^'T"^ ^"^'fl ^« "^"'"'"^ ^'"''^^ "3 may be made of a materia?that is the same as S^t S 
the binder of the coating layer or different therefrom. 

[0179] In case a metal package is used to hemietically seal the LED chip 101 together with nitrooen aas th^. mniwir,„ 
sTrJf,r " T '"^'^P^"-^'^ - the present invention, a' resin ^at ird'rabrajinruii^^^^^^^ 

^htrat'rrSr-S^^^^^ 

Embodiment 3 

mo Ann ™* '"^tf'od °f spraying the coating solution in the fonn of spiral stream of mist that contains 

h...JiT w '*9ht emitting device that is placed on the supporting body ^nd febe "a 

heated This method can be applied not only to the coating material of the present inventiontL is mad^^^^ 
matenal. but also to a coating material of the prior art that is made of an organic materia? ^ " 

mi ic f *he process of spraying the coating solution to the light emitting device 

203 and fo"^? ° Th' '""'k^?^ """f"- ™' "^^^ - ^PParatus that discharges the c^Sg soZn 

203 and a gas (air ,n this embodiment) in a spiral stream from a nozzle 201. The apparatus has several qas verts 
disposed around the nozzle 201 . while the gas discharged from these vents is directed toward the surfac^ to be coaiad 
wrth a certain angle. As a result, as the gas is supplied through the vents that rotate around^e laCs^iSon n^Sfe 

the coating solution is spouted simultaneously as the gas Is discharged so that the coating solutton 2ol°n ^e fo^^f 
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mist is carried by the gas while diffusing in the stream of spiral or inverted tornado shape. 

[01821 Diameter of the spray stream spreading in a spiral shape increases from the position of the nozzle toward 
the surface of the light emitting device 101 as shown in Fig. 4. Rotation speed of the spray of the coating solution 203 
decreases from the position of the nozzle toward the surface of the light emitting device 101 . That Is. while the coating 
solution 203 spreads In a conical shape in the vicinity of the nozzle as the spray of the coating solution 203 Is discharged 
from the nozzle and diffuses in the air. the spray expands in a cylindrical shape at a position away from the nozzle. In 
this embodiment, for this reason. It Is desirable to adjust the distance between the bottom end of the nozzle 201 and 
the top surface of the light emitting device 101 . so that the surface of the light emitting device 101 is located at a position 
where the spray expands in a cylindrical shape. At this position, since the spray Is rotating in a spiral manner with a 
decreased speed, the coating solution spray covers not only ttie entire top surface of ttie light emitting device but also 
the side faces thereof, while reaching portions of the top surf&ce that Is hidden by the electrically conductive wire 
Therefbre. application of the coating solution can be carried out with the light emitting device 101 or the nozzle 201 
being fixed Also because velocity of the spray has decreased at the position where the spray expands In a cylindrical 
shape the surface of the light emitting device 101 does not receive impact from the fluorescent substance particles 
202 ccJntained In the solution when the surface of the light emitting device 101 is exposed to the spray. In addition, no 
deformation or breakage of the electrically conductive wire occurs thus resulting in Improved yield of production. 
[01831 As a result, convenience of operation is improved and me entire surface of the light emitting device, namely 
ttie side faces and comers as well as the top surface of ttie light emitting device can be covered witti ttie coating layer 
ttiat contains fluorescent substance bound wrftti SIOj and Is fbmied witti uniform thickness. 

[01841 Meanwhile in ttiis embodiment, the coating solution 203 can be sprayed onto the light emitting device 1L . 
from above after die bonding the light emitting device 101 onto the package 204 and wire bonding ttie electrodes of 
ttie light emitting device 101 with ttie external electrodes, while a plurality of packages 204 are disposed. However, in 
case ttie side faces of ttie recess of ttie package 204 are tapered and are used as reflecting surfaces for improving 
ttie efficiency of extracting light in the normal direction of ttie package, ttie coating solution deposited on the side faces 
of ttie recess causes random reflection of light emitted by the fight emitting device, thus making It Impossible to improve 
ttie efficiency of extracting light in ttie normal direction of ttie package 204. 

[01851 According to ttiis embodiment, in orderto prevent the coating solution from being deposited on the side faces 
of the recess of the package 204 and on ttie external electrodes, the coating solution is sprayed onto ttie surface of 
ttie light emitting device 101 from above a mask 206. as shown in Rg. 4. The mask 206 is a sheet ttiat completely 
covers the side faces of the recess of the package 204 and ttie external electrode (not shown) and has openings of 
such a size that allows ttie coating solution to deposit on the top surface, side faces and comers of the light emitting 
device 101. The mask may be made of a metal or a reinforced plastic. 

[01861 The light emitting device 101 that has been applied witti ttie coating solution according to ttiis embodiment is 
heated on a heater 205 to a temperature in a range from 50 to 300»C, as shown In Fig. 4. The light emitting device 
101 may also be heated by putting the light emitting device 101 in an oven or the like. As ettianol and ottier small 
amount of water and ttie solvent contained in ttie hydrolysate solution in ttie form of sol are evaporated by heating, 
mainly amorphous SiOa Is obtained from ttie coaflng solution sol. Since the coating solution 203 of ttiis embodiment 
has a controfied level of viscosity, ttie solution does not flow out of the top surface, side faces and comers of ttie ligh 
emitting device 101 and the surface of ttie supporting body where It has been sprayed, and Is heated at ttie plaa. 
Immediately after being sprayed. As a result, the top surface, the side faces and comers of ttie light emitting device 
can be covered witti the coating layer wherein the fluorescent substance is bound with SiOj. 

[01 871 Fig 5 is a schematic diagram showing the sfructure of a spray apparatus 300 used in ttie present invention. 

As shown in Fig. 5. such a spray apparatus 300 is used that comprises a container 301 that holds the coating 
solution a valve 302 for regulating the flow rate of ttie coating solution, a circulation pump 303 ttiat sends ttie coating 
solution'to ttie nozzle 201 and ttien from ttie nozzle 201 to ttie container 301. and ttie nozzle 201 for discharging ttie 
coating solution in spiral stream, which are connected witti each ottier ttirough transport tubes 307. 308and 309. 

(Container 301) 

[0188] The container 301 that contains ttie coating solution Is equipped witti a mixer 304 that constanfly stirs ttie 
coating solution during the coating operation. The coating solution accommodated in ttie container 301 is constantly 
stirred by ttie mfacer 304. so ttiat the fluorescent substance contained in ttie coating solution is always uniformly dis- 
talbuted in the coating solution. 

(Valve 302) 

[01 89] The valve 302 opens and ctoses so as to regulate ttie flow rate of the coating solution that is sent from the 
container 301 through the transport tube 309. 



EP 1 437 776 A1 



(Circulatioh pump 303) 

10190] The circulation pump 303 sends the coating solution from the container 301 via the valve 302 and the com- 
pressor 305 through the transport tube 309 to the distal end of the nozzle 201 and then sends the remaining coatina 
solution that has not been discharged from the nozzle 201 through the transport tube 308 to the container 301 Since 
the coating solution is sent by the circulation pump 303 from the container 301 via the valve 302 through the transport 
tube 309 to the distal end of the nozzle 201 and is then sent through the transport tube 308 to the container 301 the 
coating solution is always circulating in the spray apparatus. As a result, since the coating solution is always stirred or 
'H^^'^ fTl !" ^^"^^ apparatus, the fluorescent substance contained in the coating solution is always uniformly 
distnbuted in the coating solution during the coating operation. 

(Compressor 305) 

10191] The compressor 305 is Installed in the apparatus via the transport tube 307 or 309. and compresses air that 
is transported through the transport tube 307 and regulates the pressure of the coating solution being sent through the 
transport tube 309. Air that is compressed and the coating solution of which pressure is controlled by the compressor 
305 are sent to the nozzle 201 , where pressure of the compressed air is monitored with a pressure gage 306 

A control lever is installed before the riozzle. so that quantity of the coating solution to be discharged from the 
nozzle can be controlled by the force applied to the lever. 

[0192] With the spray apparatus 300 described above, the coating solution is discharged in Jet of a high speed 
together with high pressure gas and applied to the top surface, side faces and comere of the light emitting device 
[01 93] Examples of the present invention will be described below. It will be underetood that the present invention is 
not limited to these specific examples. 

(Example 1) 

[01 94] In this example, a Hght emitting apparatus as shown in Rg. 1 and Fig. 2 is fabricated. 
Fabrication of LED chip 

[01 9^ The LED chip was formed by the IVIOCVD process, wherein TMG (irimethyl gallium) gas. TMI (trimethyl indium) 
gas. nitrogen gas and dopant gas were supplied together with the carrier gas to flow over a cleaned sapphire substrate 
thereby to fomi gallium nitride-based compound semiconductor. Gallium nitride-based semiconductor having n-tvoe 
conductivity and gallium nitride-based semiconductor having p-type conductivity were formed by supplying SiH. and 
CpzMg respectively, as the dopant gas. thereby fomiing a pn junction. The semiconductor light emitting device was 
made by forming a contact layer from gallium nitride semiconductor having n-type conductivity, a cladding layer of 
gallium aluminum nitride semiconductor having p-type conductivity, a contact layer of gallium nitride semiconductor 
having p-type conductivity and an active layer of undoped InGaN having single quantum well stmcture about 3 nm 
thiclt between contact layer of n-type conductivity and the cladding layer of p-type conductivity. (The sapphire 
subsfrate has a bufferlayer formed thereon from gallium nitride semiconductor at a lowtemperature. The semiconductor 
having p-type conductivity is annealed at a temperature of 400»C or higher after the film has been formed ) 
[0196] After having the surface of the p-type and n-type semiconductors formed on the sapphire subsfrate exposed 
by etching, elecfrodes were formed by sputtering. The semiconductor wafer was scribed and cleaved by apoivina an 
external force to make LED chips measuring 350 fim square. ^ ft-r n 

(2) Fabrication of package 

[0197] The package 105 is made of a metal and has a recess "a" at the center. A base section "b" that suaounds 
the recess "a" has two through holes penetrating in the direction of thickness thereof, with the through holes opposing 
each other across the recess "a". The positive and negative lead elecfrodes 102 are inserted through the respective 
through holes via a hard glass 103 that serves as insulating member. 

(3) Die bonding 

W1981 The LED chip 101 that is mounted in the recess "a" is a light emitting device that emits ultraviolet ray. While 
the LED chip 101 and the metal package 1 05 may be bonded by using a eutecUc solder such as Au-Sn they are die- 
bonded using an inorganic material that is oxide containing at least one element selected from the group conslstina of 
Si. AI. Ga. Ti. Ge. P. B. Zr. Y and alkali earth metals in this example. consisiing or 
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[0199] The light emitting apparatus having the LED chip die bonded with Si02 is made by preparing silica sol from 
a mixture of an allcyl silicate and an organic solvent having high boiling point in a predetemilned proportion as the 
adhesive solution, dispensing the adhesive solution at a predetemnined position of the package, placing the LED chip 
with the bottom surface thereof facing down on the adhesive solution, and heating the chip while pressing. 
5 [02001 Now the method of die-bonding the LED chip by means of SiOa according to the present invention will be 
described below taking an example in a case of using a hydroiysate solution of ethyl silicate as the adhesive solution. 
Since the concentration of hydrochloric acid added to the hydroiysate solution of ethyl silicate as a catalyst is as low 
as 20 to 500 ppm so as to make the solution substantially neutral, surface of the metal package wilt not be affected by 
add or alkali when exposed to the solution. 

iO 

Stepi 

[0201] While the alkyi silicate used according to the present invention may be methyl silicate, ethyl silicate, N-propyl 
silicate or N-butyl silicate, this example uses a coloriess and transparent oligomer liquid made by condensation of ethyl 

15 silicate containing 30 to 50% by weight of 3102- The concentration of silica from 30 to 50% is an empirically justified 
- value in consideration of bonding strength, viscosity, specific gravity, stabilltyjn storage and wortcability. This constitution 
enables it to maintain such a level of bonding strength that the light emitting device does not come off the supporting 
body during the wire bonding operation. When the bonding strength is weak, retracting a capillary after supplying the 
bonding material may cause the light emitting device to be pulled by the capillary, thus resulting in a trouble of the lif* * 

20 emitting device coming off the supporting body. Ethyl silicate is used in the form of sol that is made through the hydroiyt. 
reaction with water in the presence of a catalyst (HCi). In this example, ethyl silicate containing 30 to 50% by weight 
of Si02, a solvent, water and 1 N hydrochloric acid (HCI) that are mixed In weight proportions of 75: 16: 8: 1, so that 
ethyl silicate undergoes the hydrolysis reaction, and adjusted to make a sol having viscosity of the mixture solution 
about 120 cps at 25*^0. 

25 [0202] First, the hydroiysate solution of ethyl silicate and ethylene glycol were mixed in weight proportion of 1 : 1 and 
stin-ed to make the adhesive solution. Since the ethyl silicate sol can easily dry spontaneously to tum into a gel, it is 
preferably mixed with an organic solvent having high boiling point (100 to 200**C) such as ethylene glycol, butanol or 
butyl acetate. Since such an organic solvent having high boiling point is a liquid at the normal temperature, mixing 
ethyl silicate and the organic solvent enables it to prevent the supply of adhesive solution from fluctuating due to 

30 solidified material such as dried Si02 sticking onto the nozzle tip of the dispensing apparatus or the tip of the application 
needle of the stamping apparatus, thereby improving the workability 

Step 2 

35 [0203] The adhesive solution prepared as described above is charged to a supplying apparatus and is applied to a 
predetermined position of the package by dispensing or stamping. In Example 1, quantity of the adhesive solution 
supplied to the center of the bottom surface of the recess "a" is controlled so that the adhesive solution covers the side 
faces of the substrate of the light emitting device when the light emitting device is placed on the adhesive solution anH 
is pressed down. 

40 

Step 3 

[0204] With the top surface of the supporting body and the bottom surface of the LED chip facing each other via the 
adhesive solution, die bonding is carried out while pressing the LED chip from above. When left to stand at the room 
45 temperature, the hydroiysate solution of ethyl silicate in the state of sol dries spontaneously to tum to geL 

Step 4 

[0205] The light emitting device and the metal package are heated on a heater to a temperature in a range from 50 
so to 300**C, preferably from 150 to 200**C for about two hours. In order to obtain amorphous SiOa from the adhesive 
solution that has been turned to gel through spontaneous drying and evaporate and remove ethanol that has been 
generated through the hydrolysis of ethyl silicate and the solvent. This operation enables it to form the light emitting 
apparatus having the light emitting device die-bonded by means of SiOz without the light emitting device being dislo- 
cated from the position where it has been placed via the adhesive solution, it is preferable to heat the adhesive solution 
55 gradually, without rapid temperature rise. It has been verified that less organic material remains in the adhesive solution 
when temperature of the adhesive solution in the state of gel is raised gradually, so that a light emitting apparatus of 
high reliability with less deterioration and discoloration of the adhesive layer can be made even when a light emitting 
device that emits light including wavelength shorter than that of blue light 
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10206] Since light emitting performance of the nitride-based light emitting device decreases when exposed to a t«m. 
perature higher than 350»C. an alkyi silicate that is turned to amorphous at temperatures in a range from 150 to 200-C 
IS suitable as the adhesive solution used in die bonding of the light emitting device onto the supporting bodv such a« 
atu''r!rS^300°c"foi-Sr^^^^ "^^^ "^^^^ ^° '"" """^^^ decomposed Into SIOj when dried at a temper- 
[0207] When the adhesive layer Is formed from an inorganic material such as SiOj and the light emitting device is 
die-bonded onto the supporting body such as package as described above, the adhesive layer undergoes less dete 
noration and discoloration even when a light emitting device that emits light including wavelength shorter than that of 
blue liglit compared to a light emitting apparatus made by die bonding with a resin of the prior art made of an oraanic 

^panWng"!i^!So°''^'*'^'°'^*'°"^ 
(4) Wire bonding 

10208] The electrodes provided on the LED chip 101 and the positive and negative lead electrodes 102 are wire- 
bonded by means of gold wires. At this time, the electrode surface of the LED chip 101 is heated to about 18a>C. 

(2) Fabrication of fluorescent substance-bound coating layer 

[0209] A coating layer of double layer structure is formed as shown in Rg. 2 in this example. First, the coatinq laver 
109 made by binding CCA-Blue (chemical fomiuia Caio(P04)6CIBr. activated with Mn. Eu) fluorescent substance by 
means of AljOg is formed on the light emitting device, and a coating layer 108 is formed thereon that is made by bindina 
yttnum aluminum gamet fluorescent substance with SiOz- 

The CCA-Blue fluorescent substance was made as follows. An oxide of phosphate that constitutes the CCA-Blue 

» ^^T".^ '""i "''^^ ^^'al^^** to predetemiined quan- 

tities and mixed in a ball mill or the like. The material is then put into a crucible and fired in reducing atmosphere such 
as or at a temperature from 800 to 1200-C for three to seven hours. The fired material is crushed in a wet 
process, sieved, dehydrated and dried so as to make the CCA-Blue fluorescent substance. To make yttrium aluminum 
garnet fluorescent substance, coprecipitation of a solution of rare earth elements such as Y. Gd and Ce in oxalte acS 
lm°S^.riH! ' P;°P°^'°"^,^^^ ^'l'^ "^^^ With aluminum oxide, thereby to obtain the mixed material. Ammc^ 
mum fluonde was added as a flux to this mixed material, that was then put into a crucible and fired in air at 1400^^^^ 
three hours, thereby to obtain fired material. Then the fired material was subjected to ball-mill process in water washina 
f„rf„T*°;i:'''^'"^ "^^'"3' ^^'^^^ *° (Vo.8Gdo^)3AlsO,2:Ce fluorescent sub^nce. ^' 

10210] The coating layers 108 and 109 are fomied as follows. The fluorescent substance (powder) is added to a 
n,^ K- P^^^'y""^ organometallic compound and an organic solvent having high boiling point in predetermined 
proportion ,n the state of sol, to prepare the coatng solution containing the fluorescent substan,^ unifdSnty dS^ed 

TasTJdL^n ?H " f^^"^"" "'"'^^"^ '° *° "'^^^^ ^"'f^'^^ «9M emitting device that 

mri^ M ^ ^^""^^^^ ^"^ foltowed by heating to turn the material amorphous 

[021 1] Now the method of forming the coating layer by spray coating will be described below taking an examole in 
a case of using ethyl silteate to fomr, the coating layer 108. Since the concentration of hydrochloric Sd added to the 

J^^ u ^ J P^**^^^ "^^ ^^^'^^'^ ^"■'^ °^ s°'"t'°n applied to the surfac« 

of the light emitting device. Material of the metal package such as Ag or Nl will not also be corroded. 

Step 1 

10212] While the alkyI silicate may be methyl silicate, ethyl silicate. N-propyl silicate or N-butyl silicate this examole 
us«s a coloriess and transparent oligomer liquid made by condensation of ethyl silicate containing 10% by weight of 
S.O2. The concentration of 10% by weight of silica is an empirically Justified value in consideration of such faS as 
wswsy. speafic gravity, stability in storage and woricability. Ethyl ^ 

flie hydrolysis reaction with water in the presence of a catalyst (HCI). In this example, ethyl silicate that conteinsTo% 
by weight of SiO,.. a solvent, water and 1 N hydrochloric acid (HCI) that are mixed in weight proportions of 7^16 8- 
mi^nl fV "1^^ undergoes the hydrolysis reaction, and adjusted to make a sol having viscosity of ihe 

mixture solution in a range from 2.5 to 500 cps at 25^. ^"^M^ny or me 

1021 3] Rrst. the hydrolysate solution of ethyl silicate, ethylene glycol and the fluorescent substance were mixed in 
weight proportion of 1:1:1 and stirred so that the fluorescent substance having a mean particle size oTs to ToZ was 
umformly dispersed therein, thereby to make the coating solution. Since the ethyl silicate In the state of sol Z^a^f^ 
dry spontaneously and turn into gel. it is preferably mixed with an organic solvent having high boiling poi^lOO to 
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200*C) such as ethylene glycol, butanol or butyl acetate. Since such an organic solvent having high boiling point is a 
liquid at the normal temperature at which the spray apparatSus of the present invention Is expected to operate, mixing 
ethyl silicate and the organic solvent enables Itto prevent the supply of coating solution from decreasing due to solidified 
material such as dried SiOz sticl<ing onto the nozzle tip, thereby improving the worlcabllity. It was verified that the 
5 fluorescent substance was unlfbmnly dispersed In the hydrolysate solution of ethyl silicate that was tumed to gel. 

Step 2 

[0214] The coating solution prepared as described above is applied using the apparatus shown in Fig. 5. The coating 
10 solution is put into the container 301 , from which the coating solution is sent by the circulation pump 303 to the nozzle 
201. Flow rate of the coating solution is regulated by means of the valve 302. 

While the coating solution spreads In a conical shape In the vicinity of the nozzle as the spray of the coating 
solution Is discharged from the nozzle 201 , the spray expands In a cylindrical shape at a position away from the nozzle. 
In this example, for this reason, the distance between the bottom end of the nozzle and the top surface of the light 
iS emitting device is adjusted to 40 to 50 mm, so that the surface of the light emitting device Is located at a position where 
the spray expands In a cylindrical shape. At this time, the light emitting device Is die-bonded onto the package with the 
same material as the coating solution, while the electrodes of the light emitting device and extemal electrodes are wire- 
bonded with gold wires or the like. In addition, a metal mask is disposed In front of the package, so that the top surface, 
side faces and comers of the light emitting device are seen through the opening made in the metal mask when viewr * 
20 from above the metal mask, while the side faces of the package and the lead electrodes are completely covered 
the metal mask. Consequently, the coating solution sprayed from above the metal mask is deposited on the top surtece, 
side faces and comers of the light emitting device. 

[0215] With this spray coating operation, the top surface, side faces and comers of the light emitting device are 
covered by coating layer wherein fluorescent substance is bound with Si02 containing the fluorescent substance uni- 
25 formly distributed therein. 

Steps 

[0216] When left to stand at the room temperature after step 2. the hydrolysate solution of ethyl silicate in the state 
30 of sol dries spontaneously so as to gradually turn to gel. 

Step 4 

[0217] The light emitting device is heated on the heater 205 to a temperature of 150*C for 30 minutes, in order to 
35 obtain amorphous Si02 from the coating solution that has been tumed to gel through spontaneous drying and evaporate 
and remove ethanol, that has been generated through the hydrolysis of ethyl silicate, and the solvent. This operation 
enables it to form coating layer wherein fluorescent substance is bound with Si02 on the top surface, side faces and 
comers of the light emitting device without the coating solution flowing out of the place where it has been applied or 
the top surface, side faces and comers of the light emitting device. It is preferable to heat the adhesive solution gradually . 
40 without rapid temperature rise. It has been verified that less organic material remains in the adhesive solution when 
temperature of the adhesive solution in the state of gel is raised gradually, so that a light emitting apparatus of high 
reliability can be made even when a light emitting device that emits light including wavelength shorter than that of blue 
light is used. 

[0218] Since light emitting performance of the nitride-based light emitting device decreases when exposed to a tem- 
45 perature higher than 350^*0, an alkyi silicate that can be bonded onto the surface of the light emitting device at tem- 
peratures in a range from 50 to 300^*0 is suitable as the binder for the fluorescent substance. Most of Si(OH)2 generated 
when heated to 200°C in this process Is decomposed into Si02 when dried at a temperature of 300**C for two houre. 
[0219] Through the process described above, the top surface, side faces and comers of the light emitting device are 
covered by the coating layer about 20 p. m thick that contains the fluorescent substance uniformly distributed therein. 
so In the coating layer, fluorescent particles having a mean particle size of 3 to 10 m are fixed in the condition of being 
surrounded by amorphous particles having a mean particle size of several nanometers consisting mainly of Inorganic 
materials such as SIO2 and Si(OH)2. 

' [0220] Analyses of the coating layer wherein the fluorescent substance is bound with Si02 and the adhesive layer 
showed that these layers contained hydrochloric add (HCI) that was used as the catalyst in the process of tiie hydrolysis 
55 of ethyl silicate, inorganic materials siich as Si(OH)2 generated in step 4 and organic materials such as ethyl silicate 
and ethanol that did not undergo the reaction, each in a concentration from several units to several tens of units of 
ppm. Therefore, the coating layer about 20 fim tiiick wherein the fluorescent substance is bound with Si02 may be 
assumed to consist of 99.9% or more of inorganic materials such as SiP2 and the fluorescent substance. 
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(4) Sealing 

[0221] The light transmitting window 1 07 and the lid 1 06 consisting of a metal part are placed on the principal surface 
of the metal package, and the metal portion and the metal package 105 are welded so as to hermetically seal the light 
emitting device and nitrogen gas in the package 105. 

[0222] With this constitution, the adhesive layer and the coating layer do not experience deterioration and discolor- 
ation even when the light emitting device that emits light including wavelength shorter than that of blue light is used, 
and are free from deterioration and discoloration upon exposure to high output light and the accompanying heat thereby 
making it possible to make the light emitting apparatus of high reliability. Moreover, the coating layer wherein the 
fluorescent substance is bound with SiOg has refractive index of about 1.4 that is smaller than that of the coating layer 
wherein the fluorescent substance is bound with AlgOg (about 1 .7), and the refractive index of the coating layer wherein 
the fluorescent substance Is bound with Fe203 Is smaller than that of the gallium nitride-based compound semicon- 
ductor (about 2.5). As a result, efficiency of extracting light from the light emitting device is improved and the output 
power can be increased, while improving the heat dissipation performance. 

[0223] In this embodiment, content of the fluorescent substance in the coating layer is preferably set to a relatively 
high value so that the light emitted therefrom consists of substantially only white light that has been produced through 
wavelength conversion by the fluorescent substance, that is. most of blue light emitted by the light emitting device is 
absorbed by the fluorescent substance thereby to excites the fluorescent substance. This enables it to improve the 
light emission eflficiency (ratio of optical output power to the input power supplied to the light emitting device). 
[0224] Content of the fluorescent substance in the coating layer that contains the fluorescent substance bound therein 
is set according to the desired color tone, and the present invention is not limited by a particular value of the content 
of the fluorescent substance. However, according to the present inventors' investigation, addition of even a small 
amount of fluorescent substance to the coating layer that contains the fluorescent substance bound by oxide therein 
increases the bonding strength of the layer witii the surface of the light emitting device and makes the layer less prone 
to breakage. 

[0225] In the light emitting apparatus of Example 1 constituted as described above, since the light emitting device 
is die-bonded with an inorganic material that hardly deteriorates when exposed to ultraviolet ray and the coating layer 
that contains the fluorescent substance bound by the inorganic material therein is formed to cover the entire surface 
of the light emitting device, a light emitting device that emits in the ultraviolet region may also be used as the LED chip. 
[0226] Furthermore, the coating layer and the adhesive layer are formed in the recess "a" that is insulated from the 
lead electrodes and the light emitting device is mounted In the recess "a". As a result, since the light emitting device 
is supplied with the electric power necessary for emitting light from the wire arid is not subjected to noise or other 
influence by the current flowing In the lead electrodes, light emitting apparatus of high reliability can be made. In case 
the light emitting device is fastened on the lead electrode, the wire that connects the other lead electrode whereon the 
light emitting device is not fastened and the electrode of the light emitting device may touch the lead electrode whereon 
the light emitting device is fastened, thus leading to a decrease in the yield of production. When the light emitting device 
is fastened onto the supporting body that is insulated from the positive and negative lead electrodes, as in the case of 
the present invention, the yield of production can be Improved. 

(Example 2) 

[0227] A light emitting apparatus was made similariy to Example 1 . except for applying the coating solution to the 
surfaces of the light emitting device and the supporting body by dispensing, spin coating, screen printing or other 
method, instead of spraying the coating solution to the light emitting device as Example 1. 

[0228] In ttie cross section of the light emitting apparatus made in Example 2, although a Si02 layer that contains 
the fluorescent substance is formed on the top surface of the light emitting device and on the surface of the supporting 
body, the Si02 layer containing the fluorescent substance is not formed on the comers of the light emitting device and 
therefore the fluorescent substance does not exist on the comers. However, since the light emitting apparatus having 
the fluorescent substance bound by the inorganic material that is not deteriorated by the exposure to ultraviolet ray 
can be constituted by using the light emitting device that emits ultraviolet ray. the light emitting apparatus that has less 
variation in the color of emitted light after long period of operation could be provided. 

(Example 3) 

[0229] A light emitting apparatus was made similariy to the Example 1 . except for forming a coating layer that contains 
zirconia (ZrO^ as the main component and does not contain fluorescent substance on a light emitting device that emits 
blue light or light of wavelength shorter than that of blue light, and forming a coating layer that contains SiOs as the 
main component and does not contain fluorescent substance on the former coating layer. As described above, addition 
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of even a small amount of fluorescent substance to the coating layer that contains the fluorescent substance bound 
therein Increases the bonding strength of the layer with the surface of the light emitting device and makes the layer 
less prone to breakage. However, the coating layer of this example does not contain the fluorescent substance. There- 
fore, the coating solution having viscosity of about 130cpc at 25'»C was used, in order to maintain the bonding strength 
5 of the coating layer with the surface of the light emitting device constant and prevent the coating layer from peeling off 
the surface of the light emitting device. 

[0230] With this constitution, the adhesive layer and the coating layer do not experience deterioration and discolor- 
ation even vyhen a light emitting device that emits light Including wavelength shorter than that of blue light is used, and 
are free from deterioration and discoloration upon exposure to high output light and the accompanying heat thereby 

10 making It possible to make the light emitting apparatus of high reliability. Moreover, the coating layer wherein the 
fluorescent sut>stance Is bound with Si02 has refractive index of about 1.4 that is smaller than that of the coating layer 
wherein the fluorescent substance Is bound with ZrOz (about 2.0), and the refiBctive index of the coating layer wherein 
the fluorescent substance is bound withZr02 is smaller than that of the gallium nitride-based compound semiconductor 
layer (about 2.5). As a result, such effects can be achieved as efficiency of exfracting light from the light emitting device 

IS Is Improved and the output power can be increased. 

(Example 4) 

[0231] A light emitting apparatus was made similariy to Example 4, except for forming a coating layer that cental'' 
20 yttria (Y2O3) as the main component and does not contain fluorescent substance on the a light emitting device tf . 
emits blue light or light of wavelength shorter than that of blue light, and forming a coating layer that contains Si02 as 
the main component and does not contain fluorescent substance on the former coating layer. 

[0232] With this constitution, the adhesive layer and the coating layer do not experience deterioration and discolor- 
ation even when a light emitting device that emits light Including wavelength shorter than that of blue light is used, and 

25 are free from deterioration and discoloration upon exposure to high output light and the accompanying heat thereby 
making it possible to make the light emitting apparatus of high reliability. Moreover, the coating layer wherein the 
fluorescent substance is bound with Si02 has refractive index of about 1.4 that is smaller than that of the coating layer 
wherein the fluorescent substance is bound with Y2Q3 (about 1 .78), and the refractive index of the coating layer wherein 
the fluorescent substance is bound with Y2O3 is smaller than that of the gallium nitride-based compound semiconductor 

30 layer (about 2.5). As a result, such effects can be achieved as efficiency of extracting light from the light emitting device 
is improved and the output power can be increased 

(Example 5) 

35 [0233] A light emitting apparatus was made similariy to Example 1, except for coating the fluorescent substance 
particles with ethyl silicate to form Si02 layer on the surface of the fluorescent substance particles before preparing 
the coating solution. This constitution Increased the bonding sfrength between the fluorescent substance particles, 
and improved the yield of production higher than that of Example 1. 

40 (Example 6) 

[0234] A light emitting apparatus was made similariy to Example 1 , except for adding alumina as aflller to the adhesive 
solution in the process of preparing the adhesive solution. With this constitution, since alumina has higher heat con- 
ductivity than Si02, heat dissipation performance was improved over the light emitting apparatus of Example 1. 

45 

(Example 7) 

[0235] In this example, the light emitting apparatus shown in Rg. 3 is fabricated. Description of process steps similar 
to those of Example 1 will be omitted. 

50 

(1) Fabrication of package 

[0236] A package 114 for the LED chip was made of polycarbonate resin by insert rnoldlng. An opening for disposing 
the LED chip is provided in the package 114. Copper plate plated with siker is disposed in the package 114 as an 
55 external electrode. 
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(2) Die bonding 

[0237] The LED chip is die-bonded onto the paclcage using an inorganic material that is an oxide containing at least 
one element selected from the group consisting of S\, Al, Ga, Ti, Ge, P, B, 2r, Y and alkali earth metals similarly to 
Example 1. 

(3) Wire bonding 

[0238] The electrodes provided on the LED chip 101 and the positive and negative lead electrodes 102 are wire- 
bonded by means of gold wires. At this time, the electrode surface of the LED chip 101 is heated to about 180*0. 

(4) Fabrication of fluorescent substance-bound coating layer 

[0239] Then the coating layer wherein the fluorescent substance is bound with oxide containing at least one element 
selected from the group consisting of SI. Al. Ga. Ti. Ge. P, B, Zr. Y and alkali earth metals is formed. In this example, 
the fluorescent substance is bound with Si02 that is commonly used, and the coating layer wherein the fluorescent 
substance is bound with SiOg is formed on the surface of the light emitting device and on the supporting body other 
than the surface of the light emitting device. 

[0240] The coating layer wherein the fluorescent substance is bound with SiOg is formed from the coating solution 
prepared by dispersing the fluorescent substance (powder) uniformly in silica sol made by mixing an alkyl silicate and 
an organic solvent having high boiling point in predetemiined proportion, by spraying the coating solution so as to 
cover the entire surface of the light emitting device that has been wire-bonded after die-bonding In the package, and 
heating the Si02 component. 

[0241] Spray coating of the coating solution can be done similariy to Example 1. As shown in Rg. 3. the coating 
solution and gas are sprayed repetitively onto the top surface, side faces and comers of the light emitting device until 
the film reaches a predetermined thickness. The predetermined thickness refers to such a thickness of the coating 
layer as light emitted by the LED undergoes suffident wavelength conversion by the fluorescent substance contained 
in the coating layer and light transmissivity is not decreased by the fluorescent substance particles. By employing the 
spray coating method, the top surface, side faces and comers of the light emitting device can be covered with the 
coating layer wherein the fluorescent substance is bound with SiOj with substantially uniform thickness, while the 
fluorescent substance is uniformly dispersed therein. 

(5) Sealing 

[0242] The recess of the package 114 is filled with a molding resin so as to seal the LED 101 and the wire 104. 

The light emitting apparatus that is made as described above can emit blended light of white color when supplied 
with electric power. The light emitting apparatus of the present invention showed efficiency of light emission of 24 0 
Im/W. 

(Example 8) 

[0243] A nitride semiconductor light emitting device of this example will be described below with reference to the 
accompanying drawings. The light emitting device of this example Is constituted from a support substrate, a junction 
layer that is formed on one principal surface of the support substrate and has a eutectic layer, a p-type nitride semi- 
conductor layer consisting of one or more layer formed on the junction layer, an active layer formed on the p-type nitride 
semiconductor layer and an n-type nitride semiconductor layer consisting of one or more layer formed on the active 
layer. 

[0244] Fig. 6 Is a schematic sectional view showing an example of manufacturing process according to the method 
of manufacturing the nitride semiconductor light emitting device of this example. A base layer 2 comprising a buffer 
layer 3 and a high-temperature grown layer 4 is formed on the surface of a growth substrate 1 (Fig. 6A). Then an n- 
type cladding layer 5, an active layer 6. a p-type cladding layer 7. a p-type contact layer 8 and a first junction layer 9 
comprising one or more metal layer are formed on the base layer 2 (Fig. 6B). In the first junction layer 9, after forming 
a p electrode on the p-type contact layer 8, annealing is applied so as to form ohmic contact. A support substrate 10 
having a second junction layer 1 1 comprising one or more metal layer formed thereon is stacked on the growth substrate 
1 so that the first junction layer 9 and the second junction layer 11 oppose each other, and bonded by thermo-com- 
pression bonding process (Fig. 6C). 

[0245] The growth substrate 1 that has been bonded with the support substrate 10 Is placed on a polisher and is 
lapped so as to remove the growth substrate 1 and the base layer 2, thereby exposing the n-type cladding layer 5 (Fig. 
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6D). 

[0246] After polishing the surface of the n-type cladding layer 5 that has been exposed, an n-type electrode 12 is 
fbnned on the n-type cladding layer 5, and a pad electrode 1 3 for the p-electrode is formed all over the support substrate 
10. Then light emitting device chips are divided by dicing. This completes the light emitting devices comprising nitride 

s semiconductor layers formed on the support substrate with the electrodes formed on the support substrate (Fig. 6E). 
[0247] According to the method of this example, while the growth substrate may be made of sapphire, spinel (insu- 
lating material such as MgAl204) or an oxide that is lattice*matched with the nitride semiconductor having the principal 
plane in C, R or A plane, sapphire or spinel is prefsrably used. The growth substrate Is preferably ian ofF-^ngle substrate. 
Use of an ofT-angle substrate made in stepwise configuration improves the crystallfnity of the base layer made of nitride 

10 gallium. 

[0248] When forming the nitride semiconductor layers on the growth substrate 1 , nitride semiconductor layer of better 
crystallinity can be formed by growing on the base layer by ELO (Epitaxially Lateral Overgrowth) process. Specifically, 
after growing the base layer on the growth substrate, a plurality of striped masks are formed on the base layer so that 
nitride semiconductor is selectively grown through the opening of the mask thereby forming the nitride semiconductor 

IS layers (laterally grown layers) that is grown while being accompanied by lateral growth. Since occurrence of threading 
dislocation is reduced In the laterally grown layers, crystallinity of the nitride semiconductor formed on the . laterally 
- grown layer can be improved. 

[0249] The growth substrate 1 preferably has the principal plane of the material formed in off-angle direction, and is 
more preferably an off-angle substrate made in stepwise configuration. Use of the off-angle substrate makes it ea'' 

20 to achieve a fiat surface through stepwise growth without 3-dimentional growth taking place on the surface. 

[0250] The support substrate 10 may be made of one or more kind of metal selected from high-conductivity metals 
containing Ag, Cu, Au and R and one or more kind of metal selected from high-hardness metals containing W, Mo, 
Cr and Ni. By making the support substrate 10 from electrically conductive material, electrical continuity of the light 
emitting device Is established through the support substrate. In order to improve the heat dissipation, the support 

25 substrate 1 0 is preferably made of a composite material of Cu-W or Cu-Mo. This Is because the use of Cu having high 
heat conductivity improves the heat dissipating performance. The support substrate 10 may also be made of a semi- 
conductor such as Si or SiC or a composite material of metal and ceramics such as Cu-diamond. Thickness of the 
support substrate 10 is preferably in a range from 50 to 500 ^m in order to improve the heat dissipation performance. 
[0251] It is preferable that the first junction layer 9 makes ohmic contact at least with the p-type nitride semiconductor 

30 layer and has the p electrode having high reflectivity in contact with the p-type nitride semiconductoir layer. The p 
electrode may be made of one selected from Rh, Ag, Ni-Au, Ni-Au-RhO and Rh-lr, and preferably Rh is used. The p 
electrode is formed on the p-type nitride semiconductor layer having higher resistivity than the n-type nitride semicon- 
ductor layer, and is therefore preferably formed over substantially the entire surface of the p-type nitride semiconductor 
layer. Thickness of the p electrode is preferably In a range from 0.05 to 0.5^. 

35 [0252] It is preferable to form an insulating protective film on the exposed surfece of the p-type nitride semiconductor 
layer having the p electrode of the first junction layer 9 formed thereon. The protective film may be a single-layer film 
or a multi-layer film made of S1O2, AI2O3, Zr02r Ti02 or the like. A metal film having high reflectivity such as Al, Ag and 
Rh may also be formed on the protective film. This metal film improves refiectlvity and hence the efficiency of extracting 
light. 

40 [0253] It is also preferable to form a first eutectic forming layer on the p electrode of the first junction layer 9 and 
form a second eutectic forming layer on the principal surface of the support substrate 1 0. The first and second eutectic 
forming layers diffuse into each other when fused, thereby to form a eutectic layer, and are made of metals such as 
Au, Sn, Pd and In. Preferable combination of the first and second eutectic forming layers is Au-Sn, Sn-Pd or in-Pd. 
More preferable combination is to use Sn for the first eutectic forming layer and Au for the second eutectic forming layer. 

46 [0254] An affinity layer and a barrier layer are preferably provided between the first eutectic forming layer and the p 
electrode of the first junction layer 9 from the p electrode side. The afiinity layer is provided for the purpose of securing 
very intimate contact with the p electrode, and is preferably made of T1, Ni, W or Mo. The bamer layer is provided to 
prevent the metals that constitute the first eutectic forming layer from diffusing into the affinity layer, and is preferably 
made of Pt or W. In order to prevent the metals that constitute the first eutectic forming layer from diffusing into the 

50 affinity layer more reliably, an Au film about 0.3 fxm thick may also be formed between the barrier layer and the first 
eutectic forming layer. The affinity layer, the bam'er layer and the Au film are preferably formed between the second 
eutectic layer and the support substrate. 

[0255] Thermo-compresslon bonding of the junction layer and the support subsfrate 10 is cam'ed out at a temperature 
from 150 to SSO^'C. At a temperature not lower than 150°C, it is made possible to promote the diffusion of the metals 
55 of the eutectic forming layers so as to form eutectic of uniform density, and improve the intimate contact between the 
junction layer and the support substrate. When the temperature is higher than 350**C, the metals of the eutectic forming * 
layers diffuse into the barrier layer or further into the affinity layer and intimate contact cannot be achieved. 
[0256] To remove the growth substrate after bonding the support subsfrate, polishing, etching, elecfromagnetic ra- 
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diation or a combination thereof may be employed. With the electromagnetic radiation, when laser is used, for example 
entire surface of the growth substrate where the base layer is not fonmed is in-adiated with laser beam after bonding 
the support substrate, thereby decomposing the base layer while the growth substrate and the base layer are removed. 
After removing the growth substrate and the base layer, a desired film is exposed through CMP process of the nitride 
semiconductor layer on the surface thereof. This enables it to remove a damaged layer or control the thickness and 
surface roughness of the nitride semiconductor layer 

[0257] The electromagnetic in^dlation may also be carried out as follows: after forming the base layer from nitride 
semiconductor on the growth substrate, the base layer is partially etched down to the growth substrate so as to form 
surface irregularities and a laterally grown layer is formed on the irregular base layer by ELO growth. Then after forming 
the n-type nitride semiconductor layer, the active layer and the p-type nitride semiconductor layer successively on the 
laterally grown layer, the support substrate is bonded onto the p-type nitride semiconductor layer. Then the entire 
surface of the growth substrate where the base layer Is not fbmied is irradiated with laser beam, thereby decomposing 
the base layer and remove the growth substrate and the base layer. This method enables it to prevent N2 gas, that is 
generated by the decomposition of the nitride semiconductor when exposed to the electromagnetic irradiation, from 
filling the space that is formed between the in-egular surface and the laterally grown layer thereby breaking the growth 
substrate by gas pressure, thereby avoiding damage on the base layer due to the crack, so that nitride semiconductor 
substrate of good surface condition and good crystallinity can be obtained. Since this method can be carried out in a 
simpler process compared to polishing, the effect of improving the yield of production can also be achieved. 
[0258] The n electrode formed on the exposed surface of the n-type nitride semiconductor layer may be formed in 
multi-layer structure from Ti-AI-Ni-Au or W-AI-W-R-Au. Thickness of the n electrode is preferably from 0.1 to 1.5 jim. 
It is also preferable that an insulating protective film is formed from SlOg, AI2O3. ZrOj, TiOz or the like so as to cover 
the exposed surface except for the n electrode. 

[0259] The LED device of this example measures 1 mm x 1 mm, and emits blue light of wavelength 460 nm when 
supplied with forward cun-ent of 20mA. Total thickness of the nitride-based semiconductor layers of the LED device 
except for the support substrate is from 5 to 10 jim. While this example has such a constitution as the p electrode and 
the n electrode are disposed at such positions that oppose each other with respect the to the device, the p electrode 
and the pad elecfrode 13 for the p electrode may be formed by etching a portion of the stacked layers shown in Fig. 
6E down to the p-type contact layer 8 by RIE, thereby making the light emitting device having the p electrode and the 
n electrode disposed in the same direction as shown in Fig. 9. 

[0260] Then after placing the LED chip on the metal package 105 and connecting the external electrode 102 and 
the LED chip with the electrically conductive wire 104, the coating layer 14 as shown In Fig. 7 is formed on the light 
emifting device that includes the nitride semiconductor by the following method. 

[0261] © nrst, a film is fonned from resist or polyimide on the electrode of the LED chip.® Then mixture solution 
of yttrium aluminum garnet fluorescent substance activated with cerium, the hydrolysate solution of ethyl silicate and 
a high-boiling point solvent is adjusted and mixed to prepare the coating solution with the fluorescent substance uni- 
formly dispersed therein. @ The coating solution is applied by the spray coating method described previously to the 
top surface and the side faces of the LED chip except for the support substrate and the portion where the protective 
film is formed. ® A layer about several tens of micrometers thick is formed through primary curing by drying at 150«C 
for 30 minutes. © The layer that has been formed Is impregnated with the hydrolysate solution of ethyl silicate that 
does not contain the fluorescent substance. © Last, the film made of resist or polyimide is removed and secondary 
curing is carried out by drying at 240°C for 30 minutes. By the process from ® to © . the coating layer 14 having 
substantially unifomn thickness of 20 to 30 ^m was formed that continued over at least the exposed surface of the 
nitride semiconductor layers having total thickness of 5 to 1 0 nm, and is located on the top surface, the side faces and 
comers of the light emitting device except for the electrode of the LED chip. 

[0262] According to this example, such a light emitting apparatus can be provided as the light emitting device has 
the fluorescent substance secured thereon by using an inorganic material that does not deteriorate when used in 
conjunction with the light emitting device that emits light in a region from blue to ultraviolet, and color of emitted light 
undergoes less variation when used for a long period of time. Moreover, by fonming the coating layer 14 that covers 
at least the light emitting surface of the light emitting device with substantially uniform thickness, the light emitting 
apparatus of this example is made capable of emitting light with less variation in color temperature when viewed in 
different directions. Also because the coating layer that contains the fluorescent substance is formed over all surfaces 
of the light emitting device through which the light is seen and the light does not ti-ansmit through the support substrate, 
the efficiency of extracting light that has undergone wavelength conversion by the fluorescent substance is improved 
in comparison to the light emitting device ttiat employs sapphire substrate of the prior art. The use of support substrate 
having higher heat conductivity also improved the heat dissipation performance in comparison to the light emitting 
device that employs sapphire substrate of the prior art. 
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[0263] After exposing the side faces of the p-type ad n-type semiconductor layers fomied on the support substrate 
by etching as shown in Fig. 7, a coating solution prepared similarly to that described In Example 8, or a material made 
5 by mixing yttrium aluminum gamet fluorescent substance activated with cerium in silicone resin was applied by screen 
printing thereby to form the coating layer. In case the material made of silicone resin containing the fluorescent sub- 
stance was used, It was cured at 1 50**C for one hour. The semiconductor wafer made as described above was scribed 
and divided by dicing Into LED chips. 

[0264] By forming the coating layer 14 containing the fluorescent substance on the wafer, it is made possible to 
10 Inspect and classify the LED chip for the color of emitted light before the stage of mounting the LED chip on the metal 
package to made the light emitting apparatus, namely In the stage of LED chip Just after the coating layer containing 
the fluorescent substance has been formed thereon. Consequently, yield of production of the light emitting apparatus 
Is improved. Thus the LED chip having the coating layer 14 formed thereon of this example is made capable of emitting 
tight with less variation in color temperature when viewed in dIfFerent directions. 

15 

(Example 10) - 

[0265] Fig. 8 is a schematic sectional view showing the semiconductor light emitting device of this example. 

In order to improve the efficiency of extracting light after removing the growth substrate, suriace irregularities a*" 

20 fomned (dimple processing) by RIE on the exposed surface of the n-type nitride semiconductor layer and/or the sk 
faces of the semiconductor layer. In this example, the dimple processing was applied particularly to the n-type cladding 
layer 5 as shown In Rg. 8, but dimple processing may also be applied to the layers from the n-type cladding layer 5 to 
the active layer 6, the p-type cladding layer and the p-type cladding layer. Cross section of the surface in-eguiarity may 
have such a shape as mesa or inverted mesa, and the planar shape thereof may be a shape of island, grating, rectangle. 

25 circle or polygon. The coating solution 14 was formed simiiariy to Example 8 on the exposed surface whereon the 
dimple processing was applied and the side faces of the semiconductor layer. 

In the process described above, such a light emitting apparatus can be provided that has improved efficiency of 
extracting light emitted by the light emitting device wherein color of emitted light undergoes less variation when used 

for a long period of time. 

30 

(Example 11) 

[0266] Nitride semiconductor device was fabricated under conditions similar to those of Example 8, except for dis- 
posing a plurality of nitride semiconductor devices in the arrangement of dots on the support substrate. Part of the side 

35 faces of the nitride semiconductor device was etched to expose whereon the coating solution 1 4 is formed simiiariy to 
Example 8. Last, the support substrate was mounted on the supporting body such as the metal package, and electrical 
continuity was established between the pair of positive and negative electrodes of the light emitting device and the 
external electrodes, thereby completing the light emitting apparatus. 

Thus such a light emitting apparatus is made that has a plurality of light emitting devices that can emit light b^ 

40 blending the light emitted by the light emitting devices and the light produced by the fluorescent substance through 
wavelength conversion of the light emitted by the light emitting devices, and can emit the blended light through a large 
area. This light emitting apparatus can be used as the light source for illumination. 

[0267] As described above in detail, the present invention provides the light emitting apparatus than can emit light 
with less variation in light color even after being used for a long period of time, by employing the light emitting device 
45 that emits light including ultraviolet ray and the fluorescent substance bound with the inorganic material that is not 
deteriorated when exposed to ultraviolet ray. 

[0268] Moreover, since the coating layer covers the top surface, side faces and the comers of the light emitting 
surface of the light emitting device with substantially uniform thiclcness, the light emitting apparatus of the present 
invention is capable of emitting light with less variation in color tone when viewed in different directions. Also the light 

50 emitting apparatus can be manufactured with very high yield. 

[0269] As the adhesive layer is fomned from an Inorganic material such as Si02 and the light emitting device is die- 
bonded onto the supporting body such as package, the adhesive layer does not experience deterioration and discol- 
oration even when a light emitting device that emits light including wavelength shorter than that of blue light is die- 
bonded thereto, and are fl-ee from deterioration and discoloration upon exposure to high output light and high temper- 

55 ature caused thereby, thus making it possible to make the light emitting apparatus of higher reliability, compared to a 
light emitting apparatus made by die-bonding with a resin containing organic material of the prior art. 
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Claims 

1. A light emitting apparatus comprising: 

a light emitting device disposed on a supporting body; 

a fluorescent substance that absorbs at least a portion of light emitted by said light emitting device and emits 
light of a different wavelength; and 

a coating layer that contains said fluorescent substance and covers at least the surface of said light emitting 
device, 

wherein said coating layer comprises an oxide including at least one element selected from the group con- 
sisting of Si. Al, Ga, Ti, Ge, P, B, Zr, Y, Sn, Pb and alkali earth metals, and a hydroxide including at least one 
element selected from the group consisting of Si. Al. Ga, Ti, Ge. P. B. Zr. Y, Sn, Pb and alkali earth metals. 

2. The light emitting apparatus according to claim 1, 

wherein said oxide is the main component of said coating layer, and said hydroxide contains the same metal 
as that of said oxide. 

3. The light emitting apparatus according to claim 1 or 2, 

wherein said fluorescent substance particles in said coating layer are surrounded by particles containing 
said oxide as the main component. 

4. The light emitting apparatus according to any one of claims 1 to 3. 

wherein said coating layer comprises an organometallic compound containing at least one element selected 
from the group consisting of SI, Al, Ga, Tl, Ge, P, B, Zr, Y. Sn, Pb and alkali earth metals. 

5. The light emitting apparatus according to any one of claims 1 to 4. 

wherein said coating layer has substantially unif3rm thickness over the top surface, the side faces and the 
comers of said light emitting device. 

6. The light emitting apparatus according to any one of claims 1 to 5, 

wherein said coating layer continuously covers the surface of said supporting body and the entire surface of 
said light emitting device, and the thickness of said coating layer provided on the top surfece, the side ^ces and 
the comers of said light emitting device and the thickness of said coating layer provided on the surface of said 
supporting body are substantially the same. 

7. The light emitting apparatus according to any one of claims 1 to 6, 

wherein said coating layer comprises at least two layers, each having a refractive index that is smaller than 
that of nitride semiconductors that constitutes said light emitting device, and the refractive index of each layer 
decreases gradually with the distance from said light emitting device. 

8. The light emitting apparatus according to any one of claims 1 to 7, 

wherein said light emitting device is disposed so as to oppose the top surfiace of said supporting body via 
an adhesive layer, while the adhesive layer contains the same material as that of said coating layer. 

9. The light emitting apparatus according to any one of claims 1 to 8, 

wherein said adhesive layer contains particles of an oxide and a hydroxide. 

10. The light emitting apparatus according to any one of claims 1 to 9, 

wherein said adhesive layer continuously extends over the side faces of said light emitting device. 

11. The light emitting apparatus according to any one of claims 1 to 10. 

wherein said light emitting device has a main emission peak at a wavelength from 250 nm to 530 nm. and 
main emission wavelength of said fluorescent substance is longer than the wavelength of the main emission peak 
of said light emitting device. 

12. The Dght emitting apparatus according to any one of claims 1 to 11, 

wherein said fluorescent substance is yttrium aluminum gamet-based fluorescent substance that includes: 
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Y; Al; at least one element selected from among Lu, So, La, Gd, Tb, Eu and Sm; and at least one element selected 
from among Ga and In, 

and said fluorescent substance is activated with at least one element selected from among rare earth ele- 
ments. 

13. The light emitting apparatus according to any one of claims 1 to 12, 

wherein said fluorescent substance Includes: N; at least one element selected from among Be, Mg, Ca, Sr, 
Ba and Zn; at least one element selected from among C. Si, Ge, Sn. Tl, Zr and Hf; and a nitride-based fluorescent 
substance activated with at least one element selected from among rare earth elements. 

14. The light emitting apparatus according to any one of claims 1 to 13, 

wherein said light emitting device emits light in ultraviolet region and said coating layer contains at least one 
fluorescent substance selected from among: 

(1 ) Caio(P04)6FCI: Sb, Mn 

(2) M5(P04)3CI: Eu.(M represents at least one element selected from among Sr, Ca, Ba, Mg) 
* (3) BaMg2Ali6027: Eu 

(4) BaMg2Al^e027: Eu, Mn 

(5) 3.5MgO ■ 0.5MgF2 • GeOz: Mn 

(6) Y2O2S: Eu 

(7) Mg6As20^i: Mn 

(8) Sr4Ali4025: Eu 

(9) (Zn, Cd)S; Cu 

(10) SrAl2O4:Eu 

(11) Caio{P04)6CIBr: Mn, Eu 

(12) Zn2Ge04: Mn . 

(13) Gd202S: Eu. and 

(14) La202S: Eu 

15. The light emitting apparatus according to any one of claims 1 to 14, 

wherein said supporting body has lead electrodes and said light emitting device is provided on said supporting 
body that is insulated from said lead electrodes. 

16. A light 'emitting apparatus comprising: a supporting body; a light emitting device constituted from gallium nitride- 
based compound semiconductor layers formed on a substrate, said light emitting device being disposed on said 
supporting substrate so that the substrate-side surface of said light emitting device opposes the top surface of 
said supporting body via an adhesh^e layer; 

wherein said adhesive layer corfiprises an oxide containing at least one selected from the group consistinr 
of SI, Al, Ga, Tl, Ge, P, B, Zr, Y, Sn, Pb and alkali earth metals and a hydroxide containing at least one elemer. 
selected from the group consisting of Si, Al, Ga, Tl, Ge, P, B, Zr, Y, Sn, Pb and alkali earth metals. 

17. The light emitting apparatus according to claim 16, 

wherein said adhesive layer includes particles of said oxide and said hydroxide. 

18. The light emitting apparatus according to ciaim 16 or 17, 

wherein said adhesive layer continuously extends over the side faces of the light emitting device. 

19. The light emitting apparatus according to any one of claims 16 to 18, 

wherein said light emitting device has a main emission peak at a wavelength in a range from 250 nm to 530 

nm. 

20. The light emitting apparatus according to any one of claims 16 to 19. 

wherein the adhesive layer contains a filler having heat conductivity higher than that of said oxide. 

21. The light emitting apparatus according to any one of claims 1 to 20, 

wherein said light emitting device includes: 



a support substrate; 
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a junction layer that Is formed on one principal surface of the support substrate, said junction layer having a 
eutedic layer; and 

stacked layers comprising a p-type nitride semiconductor layer of single-layer or multi-layer structure formed 
on the junction layer, an active layer formed on the p-type nitride semiconductor layer, and an n-type nitride 
semiconductor layer of single-layer or multi-layer structure formed on the active layer. 

22. The light emitting apparatus according to claim 21, 

wherein at least part of the surface of the stacked layers has a concave-convex shape. 

23. A method of manufecturing a light emitting apparatus comprising a light emitting device disposed on a supporting 
body; a fluorescent substance that absorbs at least a portion of light emitted from said light emitting device and 
emits light of a different wavelength; and a coating layer that Includes said fluorescent substance and covers at 
least the surface of said light emitting device, the method comprising: 

a first step of preparing a coating solution that contains an organometallic compound including at least one 
element selected from the group consisting of Si, Al. Ga, Ti, Ge. P, B, 2r, Y, Sn, Pb and alkali earth metals; an 
organic solvent; and a fluorescent substance; 

a second step of applying said coating solution onto the surface of said light emitting device and the surface 
of said supporting body; and 

a third step of drying said coating solution so as to fix said fluorescent substance. 

24. The method of manufacturing a light emitting apparatus according to dalm 23, 

wherein boiling point of said organic solvent used In said first step Is in a range from 100*0 to 200'»C. 

25. The method of manufacturing a light emitting apparatus according to claim 23 or 24, 

wherein said coating solution used in said first step is a hydrolyzed solution having viscosity in a range from 
2.5 to 500 cps at 25°C. 

26. The method of manufacturing a light emitting apparatus according to any one of claims 23 to 25. 

wherein said coating solution used in said first step has acid concentration In a range from 20 to 500 ppm. 

27. The method of manufacturing a light emitting apparatus according to any one of claims 23 to 26, 

wherein said coating solution including said fluorescent substance is sprayed in the form of mist of rotating 
spiral stream onto said light emitting device from above, while said light emitting device mounted on said supporting 
body is heated In said second step. 

28. The method of manufacturing a light emitting apparatus according to any one of claims 23 to 27, 

wherein said light emitting device Is heated to a temperature In a range ft^m 50°C to 300*C in said second 

step. 

29. The method of manufacturing a light emitting apparatus according to any one of claims 23 to 28, 

wherein the organometallic compound used in said first step is at least one selected from the group consisting 
of methyl silicate, ethyl silicate, N-propyl silicate, N-butyl silicate, aluminum isopropoxide, aluminum ethoxide and 
aluminum butoxide. 

30. A method of manufacturing a light emitting apparatus having a supporting substrate; a light emitting device con- 
sisting of gallium nitride-based compound semiconductor layers formed on a substrate, said light emitting device 
being disposed so that the substrate-side surface of said light emitting device opposes ttie top surface of said 
supporting body via an adhesive layer, the method comprising: 

a first step of preparing an adhesive solution that contains an organometallic compound containing at least 
one element selected from the group consisting of Si, Al, Ga, Ti. Ge. P, B. Zr, Y. Sn, Pb and alkali earth metals, 
and an organic solvent, so as to obtain a hydrolyzed solution having viscosity in a range from 2.5 to 500 cps' 
at 25°C and add concentration in a range from 20 to 500 ppm; 

a second step of applying the adhesive solution to the top surface of said supporting body and pladng said 
light emitting device on the adhesive solution; and 

a third step of drying the adhesive solution at a temperature in a range from 50°C to 300*0 so as to bond the 
top surface of said supporting body and the subsfrate-side surface of said light emitting device. 
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31. The method of manufacturing a light emitting apparatus according to claim 30, 

wherein boiling point of said organic solvent used in said first step Is In a range from lOCTC to 200''C. 

32. The method of manufacturing a light emitting apparatus according to claim 30 or 31, 

wherein said organometallic compound used In said first step is at least one selected from the group con- 
sisting of metal alkoxide, metal diketonate and metal cartsonate. 

33. The method of manufacturing a light emitting apparatus according to any one of claims 30 to 32, 

wherein said adhesive layer contains a filler having heat conductivity higher than that of the oxide generated 
from said organometallic compound. 

34. A method of manufacturing a light emitttng apparatus having a light emitting device disposed on a supporting body; 
a fluorescent substance that at)sorbs at least a portion of light emitted by said light emitting device and emits light 
of a different wavelength; and a coating layer that includes the fluorescent substance and covers from the surface 
of said supporting body to the entire surface of said light emitting device, 

wherein a coating solution containing said fluorescent substance is sprayed in the form of mist of rotating 
spiral stream onto said light emitting device from above, while said light emitting device mounted on said supporting 
body is heated. 

35. The method of manufacturing a light emitting apparatus according to claim 34, 

wherein the diameter of the spiral stream increases from the start point of the spray located above said light 
emitting device toward the surface of said light emitting device. 

36. The method of manufacturing a light emitting apparatus according to claim 34 or 35, 

wherein rotating speed of said coating solution decreases from the start point of the spray located above 
said light emitting device toward the surface of said light emitting device. 

37. The method of manufacturing the light emitting apparatus of any one of claims 23 to 36, 

wherein said light emitting device comprises 

a support substrate, 

a junction layer that is formed on one principal surface of said support substrate, said Junction layer having a' 
eutectic layer; and 

stacked layers including a p-type nitride semiconductor layer of single-layer or multi-layer structure formed on 
the junction layer, an active layer formed on the p-type nitride semiconductor layer; and an n-type nitride 
semiconductor layer of single-layer or multi-layer structure formed on the active layer. 

38. The method of manufacturing a light emitting apparatus according to claim 37, 

wherein at least a portion of the sur^ce of said stacked layers has a concave-convex shape. 
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